18/588 380 



549122WOT 

IAP11 Rec'dPCT/PTO 02 AUG 2005' 

DESCRIPTION 

DATA RECEIVING DEVICE AND DATA RECEIVING METHOD 

TECHNICAL FIELD 

The present invention relates to a data receiving 
device and a data receiving method for receiving video and 
audio data such as a transport stream (TS) in an MPEG 
(Motion Picture Experts Group) 2 system, for example. 
BACKGROUND ART 

There are needs for a data transmission system for 
transmitting a stream such as a TS by radio. The needs 
include, for example, a system for transmitting a TS 
output from an encoder in a data recording-reproducing 
apparatus through a wireless network (including a wireless 
sending device and a wireless receiving device) to a 
television (TV) set with a built-in digital tuner. In 
such data transmission system, the wireless sending device 
converts the TS , which is sent through a wired network 
(e.g., a network conforming to the IEEE1394 standard) from 
an encoder in the data recording-reproducing apparatus , 
into packets, and sends the packets through a wireless 
network to the wireless receiving device. The wireless 
receiving device reconstructs the received TS packets and 
sends them through a wired network (e.g., a network 
conforming to the IEEE1394 standard) to a TV with a built- 
in digital tuner. A decoder in the TV with a built-in 
digital tuner decodes the received TS . 

Further, in such data transmission system, a PCR 
(program clock reference) is inserted into the TS in order 
to synchronize a clock in the sending-side encoder and a 
clock in the receiving-side decoder. The PCR is 
information used for adjusting a value of the STC (system 
time clock) , which is a reference of time in the 
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receiving-side decoder, to a value intended by the sending 
side. Accordingly, a timing when the PCR is input to the 
receiving-side decoder must be a timing intended by the 
sending side. In a TS , a TS packet including a PCR must 
be transmitted at least once in 100 ms . Therefore, the 
jitter in a TS including a PCR must be suppressed to 
several tens of microseconds (e.g., 50 11 s) or less. 

FIGs. 33A to 33C are diagrams for describing the 
conventional data transmission method. In FIG. 33A, 
timings, in which packets TS_0 to TS_17 are input to a 
wireless sending device, are shown, and TS's including the 
PCR (i.e., TS_0 , TS_5 , and TS_13) are marked with arrows. 
Further, in FIG. 33B, timings, in which the TS packets 
(packets TS_0 to TS_10 are shown) are transmitted from the 
wireless sending device to the wireless receiving device, 
are shown. Furthermore, in FIG. 33C, timings, in which 
the received TS's (TS_0 to TS_7 are shown) are output from 
the wireless receiving device, are shown. As shown in 
FIGs. 33A to 33C, the wireless receiving device outputs 
the TS's received from the wireless sending device with a 
predetermined amount of data delay. The amount of the 
jitter of the delayed received TS must be kept within a 
predetermined range, and, for this reason, the ATM 
(Asynchronous Transfer Mode) is used, for example (refer 
to Patent Documents 1 to 4 , for example) . 

Patent Documents 1 to 4 describe a communication 
method using an SRTS (Synchronous Residual Time Stamp) 
method and another communication method using an adaptive 
clock method. The SRTS method is used when a common clock 
of the sending side and the receiving side can be 
referenced. The sending side measures the common clock at 
intervals of fixed data transfer rate information for 
every N bits, inserts just a portion of the measured value 
varied with fluctuation in the transmission clock 
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frequency as synchronous residual time stamp information 
into the packet, and sends the packet. The receiving side 
reproduces the intervals of N-bit fixed rate information 
from the sent synchronous residual time stamp information 
and the common clock, and regenerates the clock in 
accordance with the intervals. On the other hand, in the 
adaptive clock method, the receiving side stores the fixed 
rate information included in the received packet in a 
buffer, and the read clock information of the buffer is 
controlled so that an amount of the stored information can 
be kept at a reference value. 

Patent Document 1: Japanese Patent Application 
Kokai (Laid Open) Publication No. H9-214477 

Patent Document 2 : Japanese Patent Application 
Kokai (Laid Open) Publication No. H7-46257 

Patent Document 3: Japanese Patent Application 
Kokai (Laid Open) Publication No. H9-36846 

Patent Document 4: Japanese Patent Application 
Kokai (Laid Open) Publication No. H5-210914 

Patent Document 5: Japanese Patent Application 
Kokai (Laid Open) Publication No. Hll-317768 (FIG. 1 and 
FIG. 2) 



DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

However, there is a problem that the clock 
regeneration method disclosed in Patent Documents 1 to 4 
has a precondition in which data sending and receiving is 
performed at a constant bit rate (CBR) , and an adequate 
adaptive clock in data sending and receiving at a variable 
bit rate (VBR) cannot be regenerated. 

Further, the data transmission method disclosed in 
Patent Document 5 supports data transmission at the VBR, 
but this method adopts a process of transmitting effective 
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packets with additional information, causing the 
throughput to be lowered in wireless transmission. The 
network band is compressed also in wired transmission for 
the same reason. Furthermore, in the data transmission 
method disclosed in Patent Document 5, there is a problem 
that the receiving device must store valid packets and 
invalid packets added in accordance with the additional 
information in a buffer, increasing the circuit size of 
the receiving device and complicating control of the 
receiving device. 

Moreover, Patent Documents 1 to 5 assume that the 
receiving device is connected to the sending device 
basically in a one-to-one relationship (peer-to-peer 
connection) . However, when the wireless transmission 
system shown in FIG. 34 is used to connect a plurality of 
different wired networks, the radio receiver 111 must 
receive the TS ' s output from a plurality of the radio 
senders 110. There is a problem that if the conventional 
SRTS method and the adaptive clock method, which are 
assumed to use a one-to-one connection, are applied to an 
N-to-1 or N-to-M connection (N and M are integers greater 
than or equal to 2), a clock cannot be appropriately 
regenerated for each TS on the receiver side. Especially, 
there is a problem that with the configuration disclosed 
in Patent Document 2, in which a clock is regenerated on 
the receiver side by performing PLL on the system clock in 
accordance with the remaining amount of the memory, and 
the method disclosed in Patent Document 4, in which a 
clock is regenerated by gating the clock signal, the clock 
cannot be regenerated for each of the TS's sent from the 
plurality of senders. In addition, the method disclosed 
in Patent Document 5 has also a problem that additional 
information transmitted for VBR degrades the transmission 
throughput of the TS . 
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To solve the above problems in the conventional art, 
according to the present invention, it is an object of the 
present invention to provide a data receiving device and a 
data receiving method which can prevent the throughput 
from being degraded and the receiving circuit from being 
complicated while allowing the memory on the receiving 
side to output data continuously without an underflow or 
overflow . 

MEANS OF SOLVING THE PROBLEM 

The data receiving device of the present invention 
receives packet data through a transmission path and 
outputting the packet data in accordance with time 
information added beforehand to the packet data. The data 
receiving device includes a storage means for storing the 
received packet data; and a control means for separating 
the time information added to the received packet data and 
reading the packet data from the storage means in 
accordance with the separated time information. When the 
control means generates a read timing, the control means 
calculates a clock frequency deviation between a data 
sending device and the data receiving device in accordance 
with an integration result of an amount of the received 
packet data temporarily stored in the storage means and a 
measurement result of the integration time, and adds an 
offset amount based on the deviation to the read timing of 
the received packet data, thereby generating the read 
timing of the received packet data. 

In the data receiving method of the present 
invention, packet data is received through a transmission 
path, and the packet data is output in accordance with 
time information added beforehand to the received packet 
data. The data receiving method includes the steps of 
storing the received packet data temporarily in a storage 
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means; and separating the time information added to the 
received packet data and reading the packet data from the 
storage means in accordance with the separated time 
information. When a read timing of the received packet 
data is generated in the step of reading the packet data, 
a clock frequency deviation between a data sending device 
and a data receiving device is calculated in accordance 
with an integration result of an amount of the received 
packet data temporarily stored in the storage means and a 
measurement result of the integration time, and an offset 
amount based on the deviation is added to the read timing 
of the received packet data, thereby generating the read 
timing of the received packet data. 

EFFECTS OF THE INVENTION 

With the data receiving device or data receiving 
method of the present invention, the clock frequency 
deviation between the data sending device and the data 
receiving device is calculated from the integral of the 
amount of the received packet data temporarily stored in 
the storage means and the measured integration time 
(measured period and the number of the processed received 
packets) when the read timing is generated, and the read 
timing of the received packet data is generated by adding 
the offset amount based on the calculated deviation to the 
read timing of the received packet data, so that the 
amount of the jitter in TS can be suppressed below a 
predetermined level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram schematically showing a 
configuration of a data transmission system implementing a 
data receiving method according to the first to seventh 
embodiments of the present invention; 
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FIG. 2 is a block diagram schematically showing a 
configuration of a wireless sending device in the first to 
seventh embodiments ; 

FIG. 3 is a block diagram schematically showing a 
configuration of a sending-side memory control circuit in 
the wireless sending device shown in FIG. 2; 

FIG. 4 is a diagram for describing a TS with an 
added time stamp; 

FIG. 5 is a block diagram schematically showing a 
configuration of a wireless receiving device (data 
receiving device) in the first to seventh embodiments; 

FIG. 6 is a block diagram schematically showing a 
configuration of a receiving-side memory control circuit 
in the wireless receiving device shown in FIG. 5; 

FIG. 7 is a diagram for describing a storage area of 
a memory in the wireless receiving device shown in FIG. 5; 

FIG. 8 is a block diagram schematically showing a 
configuration of a TS data read timing generating circuit 
in the receiving-side memory control circuit shown in FIG. 
6; 

FIG. 9 is a block diagram schematically showing a 
configuration of a TS memory read control circuit in the 
receiving-side memory control circuit shown in FIG. 6; 

FIG. 10 is a flowchart showing an operation of the 
receiving-side memory control circuit shown in FIG. 6; 

FIG. 11 is a flowchart showing a clock jitter detect 
operation of the wireless receiving device in the first 
embodiment ; 

FIG. 12 is a flowchart showing an operation of 
calculating and setting a target value in a flow shown in 
FIG. 11; 

FIG. 13 is a diagram showing fluctuations in the 
amount of the stored data in the memory of the wireless 
receiving device when the wireless receiving device of the 
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first to seventh embodiments receives a TS at a VBR; 

FIG. 14 is a diagram showing fluctuations in the 
amount of the stored data in the memory of the wireless 
receiving device when the data transmission system of the 
first to seventh embodiments has clock jitter; 

FIG. 15 is a diagram showing a conversion table 
which the wireless receiving device in the first 
embodiment holds to calculate a clock jitter correction 
value; 

FIG. 16 is a flowchart showing a clock jitter detect 
operation of the wireless receiving device in the second 
embodiment ; 

FIG. 17 is a diagram showing a table used by the 
wireless receiving device in the second embodiment to 
select a conversion table; 

FIG. 18 is a diagram showing a conversion table 
which the wireless receiving device in the second 
embodiment uses to calculate a clock jitter correction 
value ; 

FIG. 19 is a flowchart showing a clock jitter detect 
operation of the wireless receiving device in the third 
embodiment ; 

FIG. 20 is a flowchart showing an operation of 
calculating and setting an initial value in the flowchart 
of FIG. 19; 

FIG. 21 is a flowchart showing an operation of 
correcting clock jitter (calculating a clock jitter value) 
in a flow shown in the flowchart of FIG. 19; 

FIG. 22 is a flowchart showing an operation of 
calculating a clock jitter correction value in a flow 
shown in the flowchart of FIG. 21; 

FIG. 23 is a flowchart showing an operation of 
determining whether the clock jitter correction value has 
converged in the calculation of the clock jitter value in 
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a flow shown in the flowchart of FIG. 21; 

FIG- 24 is a diagram showing an example of a 
threshold table used to determine the measurement time and 
to determine whether a convergence is made, to be used in 
each correction value calculation stage of the third 
embodiment ; 

FIG. 25 is a diagram showing an example of a 
conversion table used by the wireless receiving device to 
calculate a clock jitter correction value in the third 
embodiment ; 

FIG. 26 is a flowchart showing an operation of the 
clock jitter correction value of the fourth embodiment in 
a flow shown in the flowchart of FIG. 21; 

FIG. 27 is a flowchart for describing an operation 
to determine a clock j itter correction value in the 
calculation of the clock jitter value of the fourth 
embodiment in a flow shown in the flowchart of FIG. 21; 

FIG. 28 is a diagram showing an example of a 
threshold table used to determine the measurement time to 
be used in each correction value calculation stage or to 
make a determination in the fourth embodiment; 

FIG. 29 is a flowchart showing an operation of the 
clock jitter correction value of the fifth embodiment in a 
flow shown in the flowchart of FIG. 21; 

FIG. 30 is a flowchart showing an operation to 
correct clock jitter (calculate a clock jitter value) of 
the sixth embodiment in a flow shown in the flowchart of 
FIG. 19; 

FIG. 31 is a flowchart showing an operation to 
correct clock jitter (calculate a clock jitter value) of 
the seventh embodiment in a flow shown in the flowchart of 
FIG. 19; 

FIG. 32 is a flowchart showing an operation to 
correct clock jitter (calculate a clock jitter value) of a 
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modification of the seventh embodiment in a flow shown in 
the flowchart of FIG. 19; 

FIGs. 33A to 33C are diagrams for describing the 
conventional data transmission method: FIG. 33A is a 
diagram showing a timing in which a TS including a PCR is 
input to a wireless sending device; FIG. 33B is a diagram 
showing a timing in which the TS packet is transmitted 
from the wireless sending device to the wireless receiving 
device; and FIG. 33C is a diagram showing a timing in 
which the received TS is output from the wireless 
receiving device ; and 

FIG. 34 is a diagram showing a configuration of the 
conventional wireless TS transmission system. 



EXPLANATION OF THE REFERENCE NUMERALS 

10, 20, 30 wired network; 11 wireless 



sending/receiving device (A) 
sending/receiving device (B) 
sending/receiving device (C) 



21 wireless 
31 wireless 

40 wireless sending device 



(sending device); 43 CPU; 44 sending-side memory 
control circuit; 45 memory; 46 wireless LAN module; 47 
CPU bus; 441 time stamp generating circuit; 442 time 
stamp adding circuit; 443 TS memory write control 
circuit; 444 bus arbiter circuit; 50 wireless receiving 
device (receiving device) ; 51 wireless LAN module; 52 
receiving-side memory control circuit; 53 memory; 54 
CPU; 55 CPU bus; 521 TS data read timing generating 
circuit; 522 TS memory read control circuit; 523 bus 
arbiter circuit; 531 first TS storage area; 532 second 
TS storage area; 5213 time counter; 5214 time counter 
control circuit; 5215 time correction value storage 
register; 5216 time comparator; 5225 FIFO memory; 5226 
FIFO memory control circuit; 5227 TS read address 
generating circuit; 5228 TS write address storage 
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circuit; 5229 memory storage data amount integration 
circuit;- 5230 integration result storage register; 5231 
TS output counter; 5232 TS output count register; 5233 
measurement time counter; 5234 measurement time storage 
register . 

BEST MODE FOR CARRYING OUT THE INVENTION 

First Embodiment 

FIG. 1 is a diagram schematically showing a 
configuration of a data transmission system implementing a 
data receiving method according to the first embodiment of 
the present invention . The data transmission system shown 
in FIG. 1 includes a first wired network 10, a second 
wired network 20, and a third wired network 30. The first 
wired network 10, the second wired network 20, and the 
third wired network 30 forms a wireless network conforming 
to the IEEE 802.11a standard (wireless LAN), in which they 
can communicate with one another by radio. The entire 
configuration shown in FIG. 1 forms a home network. 

The first wired network 10 includes a wireless 
sending/receiving device (A) 11, a liquid crystal 
television (liquid crystal TV) 12, and a DVD (digital 
versatile disc) recorder (DVD recording/ reproducing 
apparatus) 13, which are connected through a wire by a 
method conforming to the IEEE1394 standard, for example. 
Further, the second wired network 20 includes a wireless 
sending/receiving device (B) 21, an AV-HDD 
recording/reproducing apparatus (audio-visual hard disk 
drive recording/reproducing apparatus) 22, and a D-VHS 
(data video home system) recording/reproducing apparatus 
23, which are connected through a wire by a method 
conforming to the IEEE1394 standard, for example. 
Furthermore, the third wired network 30 includes a 
wireless sending/receiving device (C) 31, a television 
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(TV) set 32, and an STB (set top box) 33, which are 
connected by a wire by a method conforming to the IEEE1394 
standard, for example. The configuration shown in FIG. 1 
is an example of a system configuration to which the data 
receiving method and the data receiving device of the 
present invention can be applied. The data receiving 
method and the data receiving device of the present 
invention can be applied to other systems. 

Each of the wired networks 10, 20, and 30 conforming 
to the IEEE1394 standard is a network having no jitter. 
On the other hand, the wireless network conforming to the 
IEEE 802.11a standard is a network having jitter. In the 
first embodiment, the wired networks 10, 20, and 30, 
conforming to the IEEE1394 standard, shown in FIG. 1 are 
connected to allow wireless communication conforming to 
the IEEE 802.11a standard between them. 

For example, in the data transmission system shown 
in FIG. 1, the liquid crystal TV 12 in the first wired 
network lOreceives a transport stream (TS) from the STB 33 
in the third wired network 30 through the wireless 
sending/receiving device 31 and the wireless 
sending/receiving device 11 (i.e., the wireless network), 
and the DVD recorder 13 in the first wired network 10 
receives and records a content recorded in the AV-HDD 
recording/reproducing apparatus 22 in the second wired 
network 20 through the wireless sending/ receiving device 
21 and the wireless sending/receiving device 11 (i.e., the 
wireless network) . In this case, the wireless 
sending/ receiving device 11 on the receiving side must 
regenerates a clock synchronized with (i.e., must be 
synchronized with) the second wired network 20 containing 
the wireless sending/ receiving device 21 on the sending 
side and the third wired network 30 containing the 
wireless sending/receiving device 31. In the first 
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embodiment, a case in which both the TS from the STB 33 
and the TS from the AV-HDD recording/reproducing apparatus 
22 are output at a variable bit rate (VBR) will be 
explained. Further, in the first embodiment, the wireless 
sending/receiving device 11 will be described as a 
wireless receiving device (a reference numeral 50 in FIG. 
5 which will be described later) , and the wireless 
sending/receiving device 21 and the wireless 
sending/receiving device 31 will be described as a 
wireless sending device (a reference numeral 40 in FIG. 2 
which will be described later) , for the sake of 
simplifying the explanation. 'Actually, the wireless 
sending/receiving device 11, the wireless 
sending/receiving device 21, and the wireless 

sending/receiving device 31 have both the functions of the 
wireless sending device 40 shown in FIG. 2 which will be 
described later and the wireless sending device 50 shown 
in FIG. 5 which will be described later. 

Next, a configuration of the wireless sending device 
40 will be described with reference to FIG. 2 to FIG. 4. 
FIG. 2 is a block diagram schematically showing a 
configuration of the wireless sending device 40 in the 
first embodiment . The wireless sending device 40 is a 
wireless sending circuit included in each of the wireless 
sending/receiving devices 11, 21, and 31 shown in FIG. 1. 
As shown in FIG. 2, the wireless sending device 40 
includes an input terminal 41 for receiving a TS sent from 
a wired network conforming to the IEEE1394 standard; an 
input terminal 42 for receiving a TS control signal 
indicating a beginning of the TS , a signal area, and other 
information; a CPU (central processing unit) 43 for 
controlling the whole of the wireless sending device 40; a 
sending-side memory control circuit 44; a memory 45; a 
wireless LAN (local area network) module 46; and a CPU bus 
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47. The sending-side memory control circuit 44 adds a 
time stamp to the TS input through the input terminal 41 
and writes the TS with the added time stamp (hereafter 
referred to as a * time-stamped TS") into the memory 45. 
Further, the sending-side memory control circuit 44 reads 
the time-stamped TS from the memory 45 in accordance with 
the control signal input from the CPU 43. The wireless 
LAN module 46 sends the time-stamped TS read from the 
memory 45 by radio, as instructed by the CPU 43. 

FIG. 3 is a block diagram schematically showing a 
configuration of the sending-side memory control circuit 
44 in the wireless sending device 40 shown in FIG. 2. As 
shown in FIG. 3, the sending-side memory control circuit 
44 includes a time stamp generating circuit 441, a time 
stamp adding circuit 442, a TS memory write control 
circuit 443, and a bus arbiter circuit 444. The time 
stamp generating circuit 441 generates a time stamp (time 
information) to be added to the TS input from the input 
terminal 41 by using the reference clock of the wireless 
sending device 40. The time stamp adding circuit 442 adds 
the time stamp generated by the time stamp generating 
circuit 441 to the TS . The TS memory write control 
circuit 443 generates control signals such as a write 
address for writing the time-stamped TS output from the 
time stamp adding circuit 442 into the memory 45 in 
accordance with the TS control signal input from the input 
terminal 42. The bus arbiter circuit 444 arbitrates 
between the TS write control signal (TS write request) to 
the memory 45. output from the TS memory write control 
circuit 443 and the TS read control signal (TS read 
request) from the memory 45 output from the CPU 43. 

FIG. 4 is a diagram showing an. example of a signal 
format of the time-stamped TS transmitted by radio in the 
data transmission system of the first embodiment. As 
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shown in FIG. 4, in the first embodiment, the TS packet 
has 188 bytes, and a 4-byte time stamp is added to the 
beginning of each TS . 

Next, an overview of the operation of the wireless 
sending device 40 will next be given. As shown in FIG. 2, 
a time stamp is added to the TS input to the input 
terminal 41 by the sending-side memory control circuit 44, 
and then the TS is temporarily stored in the memory 45. 
The time-stamped TS stored in the memory 45 is read from 
the memory 45 in accordance with a memory read control 
signal output from the CPU 43 and is input to the wireless 
LAN module 46. The wireless LAN module 46 adds a header 
for wireless transmission to the input time-stamped TS , 
packetizes the TS , and sends the packets to another 
wireless sending/receiving device (a wireless receiving 
device 50, which will be described later) by radio. In 
the first embodiment, a predetermined number of the time- 
stamped TS's are "collected to form a packet, in order to 
minimize the overhead in the wireless section in wireless 
transmission of the TS . 

Next, the operation of each of the circuits forming 
the wireless sending device 40 will be described in detail 
with reference to FIG. 2 to FIG. 4. As shown in FIG. 3, a 
TS control signal T2 input to the sending-side memory 
control circuit 44 through the input terminal 42 is 
supplied to the time stamp adding circuit 442 and the TS 
memory write control circuit 443. The time stamp adding 
circuit 442 detects a beginning of TS_Ti input through the 
input terminal 41 in accordance with the input TS control 
signal T 2 . When detecting a beginning of the TS , the time 
stamp adding circuit 442 outputs a time stamp request 
signal T 3 to the time stamp generating circuit 441. The 
time stamp generating circuit 441, which generates a 
reference time in the wireless sending device 40, outputs 
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a current reference time T 4 in the wireless sending device 
40 to the time stamp adding circuit 442 when receiving the 
time stamp request signal T3 from the time stamp adding 
circuit 442. When receiving the reference time T 4 in the 
wireless sending device 40 from the time stamp generating 
circuit 441, the time stamp adding circuit 442 adds a time 
stamp to a beginning of the TS input from the input 
terminal 41, as shown in FIG. 4, and outputs a time- 
stamped TS_T 5 to the bus arbiter circuit 444, as shown in 
FIG. 3. In the first embodiment, a 4-byte time stamp is 
added to a beginning of the 188-byte TS_Ti input through 
the input terminal 41, as shown in FIG. 4, and a 
predetermined number of the 188-byte TS's are collected to 
form a wireless packet to be transmitted. Further, in the 
first embodiment, data of seven TS's form a wireless 
packet . 

On the other hand, as shown in FIG. 3, the TS memory 
write control circuit 443 outputs a write address to the 
memory 45 and a write control signal T 6 , concerning the 
time-stamped TS__Ts output from the time stamp adding 
circuit 442, in accordance with the TS control signal T2 
input through the input terminal 42. As shown in FIG. 3, 
when the writing of data of seven TS's to the memory 45 
finishes, the bus arbiter circuit 444 generates a data 
read request signal T 7 through the CPU bus 47 to the CPU 
43 (FIG. 2). When receiving the data read request signal 
T 7 from the bus arbiter circuit 444, the CPU 43 shown in 
FIG. 2 starts DMA (direct memory access) , reads the data 
of seven TS's including time stamps from the memory 45, 
and writes the data through the CPU bus 47 to the wireless 
LAN module 46. To be more specific, as shown in FIG. 2, 
when a predetermined number of the input TS's are 
collected, the CPU 43 outputs a read control signal (read 
address and the like) to the memory 45. Further, as shown 
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in FIG. 3, the bus arbiter circuit 444 arbitrates between 
the read control signal T? output from the CPU 43 (FIG. 2) 
and the TS data write control signal T 6 output from the TS 
memory write control circuit 443. To be more specific, 
the bus arbiter circuit 444 performs control to write the 
TS input in a period in which no data is read from the CPU 
43 (access to the memory 45 is not made in at least once 
per two clocks even if the DMA is started by the CPU 43) 
to the memory 45. 

When the wireless LAN module 46 shown in FIG. 2 
receives the data of seven TS ' s , the wireless LAN module 
46 adds a wireless header to a beginning of the input data 
of seven TS ' s to produce a wireless packet. In the first 
embodiment, information, such as data type information for 
discriminating among TS data, device control data, and 
other data, wireless packet length information, a MAC 
address (media access control address) for identifying the 
wireless sending device 40, device identification 
information specific to the wireless sending device 40 
(such as an IP (Internet protocol) address) , and device 
identification information specific to the wireless 
sending device 50 (e.g., an IP address), are added to the 
wireless header. The wireless LAN module 46 shown in FIG. 
2 sends the packet data with an added wireless header by 
radio . 

Next, a configuration of the wireless receiving 
device (data receiving device) 50 implementing a data 
receiving method according to "the first embodiment of the 
present invention will be described with reference to FIG. 
5 to FIG. 9. FIG. 5 is a block diagram schematically 
showing a configuration of the wireless receiving device 
50 in the first embodiment. The wireless receiving device 
50 is a wireless receiving circuit included in each of the 
wireless sending/receiving devices 11, 21, and 31 shown in 
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FIG. 1. In the first embodiment, the wireless receiving 
device 50 has a function to receive up to two TS's 
simultaneously. As shown in FIG. 5, the wireless 
receiving device 50 includes a wireless LAN module 51 for 
receiving a wireless packet sent from the wireless sending 
device 40, a receiving-side memory control circuit 52, a 
memory 53, a CPU (central processing unit) 54 for 
controlling the whole of the wireless receiving device 50, 
a CPU bus 55, an output terminal 56 for outputting a TS , 
and an output terminal 57 for outputting a TS control 
signal. The receiving-side memory control circuit 52 
writes the TS received by the wireless LAN module 51 into 
the memory 53, in accordance with a write control signal 
(write address signal and the like) output from the CPU 
54, and reads and outputs the TS written into the memory 
53 (consequently stored there temporarily) at a timing 
based on the time stamp. In the first embodiment, as 
shown in FIG. 5, a TS_Ri signal is output to an apparatus 
connected in conformity with the IEEE1394 standard through 
the output terminal 56, and a TS control signal R2 is 
output to an apparatus connected in conformity with the 
IEEE1394 standard through the output terminal 57. 

FIG. 6 is a block diagram schematically showing a 
configuration of the receiving-side memory control circuit 
52 in the wireless receiving device 50 shown in FIG. 5. 
As shown in FIG. 6, the receiving-side memory control 
circuit 52 includes a TS data read timing generating 
circuit 521, a TS memory read control circuit 522, and a 
bus arbiter circuit 523. The TS data read timing 
generating circuit 521 shown in FIG. 6 generates a read 
timing signal R 4 for reading the TS received by the 
wireless LAN module 51 (FIG. 5) and temporarily stored in 
the memory 53 (FIG. 5) from the memory 53 (FIG. 5). The 
TS memory read control circuit 522 shown in FIG. 6 
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generates a TS read control signal Re in accordance with a 
TS read timing signal R 4 output from the TS data read 
timing generating circuit 521 i Further, the TS data read 
timing generating circuit 521 shown in FIG. 6 receives a 
time correction value (also referred to as a "clock jitter 
correction value" in the first embodiment) R5 for 
correcting the TS read timing generated by the TS data 
read timing generating circuit 521 through the CPU bus 55. 
The bus arbiter circuit 523 shown in FIG. 6 arbitrates 
between a data write request to the memory 53 (FIG. 5), 
which is output from the CPU 54 (FIG. 5) and input through 
the CPU bus 55, and a data read request output from the TS 
memory read control circuit 522. 

FIG. 7 is a diagram schematically showing a 
configuration of a storage area of the memory 53 in the 
wireless receiving device 50 shown in FIG. 5. In the 
first embodiment, since the wireless receiving device 50 
handles up to two TS ' s simultaneously, the memory 53 (FIG. 
5) has a first TS storage area 531 for storing a first TS 
and a second TS storage area 532 for storing a second TS . 
The wireless receiving device 50 may handle three or more 
TS's simultaneously, and, in such case, the number of the 
storage areas must be increased depending on the number of 
the TS's to be handled simultaneously. Further, the 
receiving-side memory control circuit 52 (FIG. 5) contains 
as many TS data read timing generating circuits 521 and TS 
memory read control circuits 522 as the number of the TS 
storage areas in the memory 53, provided independently, 
which are not shown in the figure. The TS data read 
timing generating circuits 521 and the TS memory read 
control circuit 522 are provided independently for each of 
the storage areas. 

FIG. 8 is a block diagram schematically showing a 
configuration of the TS data read timing generating 
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circuit 521 in the receiving-side memory control circuit 
52 shown in FIG. 6. As shown in FIG. 8, the TS data read 
timing generating circuit 521 includes an input terminal 
5211 receiving a time stamp signal R 3 sent from the TS 
memory read control circuit 522 (FIG. 6), an output 
terminal 5212 for outputting a TS read timing signal R 4 , a 
time counter 5213, a time counter control circuit 5214, a 
time correction value storage register 5215, and a time 
comparator 5216. The time counter 5213 shown in FIG. 8 
measures the output timing of the received TS . The time 
correction value storage register 5215 shown in FIG. 8 
stores a time correction value R 5 output from the CPU 54 
(FIG. 5) and input through the CPU bus 55. The time 
counter control circuit 5214 shown in FIG. 8 controls a 
count value of the time counter 5213 in accordance with 
the time correction value stored in the time correction 
value storage register 5215. The time comparator 5216 
shown in FIG. 8 compares a time stamp signal value (a time 
stamp value) R3 input through the input terminal 5211 and 
a time counter value R9 output from the time counter 5213, 
and generates the TS read timing signal R4 when the time 
counter value R9 exceeds the time stamp value R3 . 

FIG. 9 is a block diagram schematically showing a 
configuration of the TS memory read control circuit 522 in 
the receiving-side memory control circuit 52 shown in FIG. 
6. As shown in FIG. 9, the TS memory read control circuit 
522 includes a FIFO (first-in first-out) memory 5225, a 
FIFO memory control circuit 5226 for controlling the FIFO 
memory 5225, a TS read address generating circuit 5227, a 
TS write address storage circuit 5228, a memory storage 
data amount integration circuit 5229, an integration 
result storage register 5230, a TS output counter 5231 for 
measuring the number of times the TS has been output, a TS 
output count register 5232 for holding the count obtained 
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by the TS output counter 5231, a measurement time counter 
5233, and a measurement time storage register 5234 for 
holding the count obtained by the measurement time counter 
5233 . 

The TS read address generating circuit 5227 shown in 
FIG. 9 generates a TS read control signal R6 from the 
memory 53 (FIG. 5) in accordance with the TS read timing 
signal R 4 through the terminal 5212 of the TS data read 
timing generating circuit 521 (FIG. 6) and outputs the 
signal R>6 from the terminal 5223. The TS write address 
storage circuit 5228 stores address information input from 
the CPU 54 (FIG. 5) through the terminal 5224, i.e., 
address information R? to be used when the TS received by 
the wireless LAN module 51 (FIG. 5) is written into the 
memory 53 (FIG. 5) . 

The memory storage data amount integration circuit 
5229 shown in FIG. 9 integrates the amount of the data 
written (temporarily stored) in the memory 53 (FIG. 5) , in 
accordance with the TS read address information for 
reading the TS from the memory 53 (FIG. 5) , output from 
the TS read address generating circuit 5227 and the write 
address information output from the TS write address 
storage circuit 5228, and outputs the integration result 
(which is equivalent to the area of the hatched region 
shown in FIG. 13) . The integration result storage 
register 5230 shown in FIG. 9 holds the integration result 
output from the memory storage data amount integration 
circuit 5229. In the first embodiment, when the CPU 54 
(FIG. 5) accesses the integration result storage register 
5230, the integral obtained by the memory storage data 
amount integration circuit 5229 and the value of the 
integration result storage register 5230 are set to the 
initial value x 0'. 

The TS output counter 5231 shown in FIG. 9 counts 
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the number of times the TS is output, and the TS output 
count register 5232 holds the count obtained by the TS 
output counter 5231. Further, the measurement time 
counter 5233 shown in FIG. 9 measures the measurement time 
measured by the memory storage data amount integration 
circuit 5229 and the TS output counter 5231. 

The measurement time storage register 5234 shown in FIG. 9 
holds the measurement result output from the measurement 
time counter 5233. In the first embodiment, when the CPU 
54 (FIG. 5) accesses the TS output count register 5232 and 
the measurement time storage register 5234, the value of 
the TS output counter 5231, the value of the TS output 
count register 5232, the value of the measurement time 
counter 5233, and the value of the measurement time 
storage register 5234 are set to the initial value '0'. 

FIG. 10 is a flowchart showing an operation of the 
receiving-side memory control circuit 52 in the wireless 
receiving device 50 when the TS is received. Further, FIG. 
11 is a flowchart showing the clock jitter detect 
operation of the CPU 54 in the wireless receiving device 
50 of the first embodiment, and FIG. 12 is a flowchart 
showing an operation of calculating and setting a target 
value in the operation shown in FIG. 11 (step S16 in FIG. 
11). Furthermore, FIG. 13 is a diagram schematically 
showing fluctuations in the amount of the data (the number 
of the TS lines) stored in the memory 53 of the wireless 
receiving device 50, and FIG. 14 is a diagram 
schematically showing fluctuations in the amount of the 
data (the number of the TS lines) temporarily stored in 
the memory 53 of the wireless receiving device 50 when the 
data transmission system of the first embodiment has clock 
jitter (the reference clock in the wireless receiving 
device 50 is faster than the reference clock in the 



22 



549122WOT 

wireless sending device 40). Moreover, FIG. 15 is a 
diagram showing an example of an amplitude conversion 
table used to calculate a clock jitter correction value in 
each correction value calculation stage (also referred to 
as a "correction value calculation stage") in which the 
wireless receiving device 50 in the first embodiment 
calculates a time correction value (also referred to as a 
"clock jitter correction value"). 

The operation of the wireless receiving device 50 
which has received a wireless packet sent from the 
wireless sending device 40, including a TS, will be 
described below with reference to FIG. 5 to FIG. 15. When 
the wireless receiving device 50 receives a wireless 
packet transmitted from the wireless sending device 40, 
the wireless LAN module 51 (FIG. 5) in the wireless 
receiving device 50 analyzes the wireless header added to 
the beginning of the wireless packet to detect the 
wireless sending device (source) from which the packet has 
been sent and the wireless receiving device (destination) 
to which the packet has been sent. If it is detected that 
the wireless packet is not sent to the wireless receiving 
device 50, the wireless LAN module 51 (FIG. 5) in the 
wireless receiving device 50 discards the wireless packet. 
If the wireless packet is sent to the wireless receiving 
device 50, the wireless LAN module 51 (FIG. 5) in the 
wireless receiving device 50 identifies the type of the 
wireless packet and performs other operations, and outputs 
the results to the CPU 54 (FIG. 5) in the wireless 
receiving device 50. The CPU 54 (FIG. 5) , which receives 
the detection result from the wireless LAN module 51 (FIG. 
5) , if the received data is a time-stamped TS , starts DMA 
to transfer the time-stamped TS to the memory 53 (FIG. 5) 
in the wireless receiving device 50. If the data received 
from the wireless LAN module 51 (FIG. 5) is device control 
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data, the CPU 54 (FIG. 5) performs predetermined 
processing on the device control data and sends the device 
control data to device connected by an IEEE1394 interface. 
The IEEE1394 interface transmits the video stream (a TS 
signal and a DV signal) and the AV/C command (device 
control signal) on the same signal line by time division 
multiplexing. In the first embodiment, the sending and 
receiving of a TS stream is described in detail, and the 
IEEE1394 interface and the input and output terminals of 
the device control signal (AV/C command) are not shown in 
the figures . 

Next, the receiving-side memory control circuit 52 
(FIG. 5) in the wireless receiving device 50 writes the TS 
received by the wireless LAN module 51 (FIG. 5) into the 
memory 53 (FIG. 5) , in accordance with the TS write 
control signal sent from the CPU 54 (FIG. 5) through the 
CPU bus 55, and stores the .TS temporarily in the memory 53. 
In the first embodiment, the received TS is written into a 
first TS storage area 531 (FIG. 7) of the memory 53 (FIG. 
5) . When the TS is written into the memory 53 (FIG. 5) , 
the TS data read timing . generating circuit 521 (FIG. 6) 
generates a TS read timing signal R 4 , taking the flow 
shown in FIG. 10. When the receiving of the TS from the 
wireless sending device 40 begins, the CPU 54 (FIG. 5) 
checks whether the memory 53 (FIG. 5) contains an area 
available to store the TS , and if the two storage areas 
531 and 532 shown in FIG. 7 have already been occupied, 
notifies the wireless sending device 40 that the TS cannot 
be received, through the wireless LAN module 51 (FIG. 5) . 

The operation to store the received TS in the 
storage area will next be described. As shown in FIG. 10, 
when the wireless LAN module 51 (FIG. 5) starts receiving 
the TS, the CPU 54 (FIG. 5) in the wireless receiving 
device 50 determines the storage area in the memory 53 
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(FIG. 5) to store the received TS and reports the 
determined storage area to the TS memory read control 
circuit 522 (FIG. 6) in the receiving-side memory control 
circuit 52 (FIG. 5). The TS memory read control circuit 
522 (FIG. 6) determines the storage area in the memory 53 
(FIG. 5) from which the TS is read, in accordance with the 
determined storage area in the memory 53 (FIG. 5). After 
the receiving of the TS starts, the TS memory read control 
circuit 522 (FIG. 6) in the receiving-side memory control 
circuit 52 (FIG. 5) confirms that the first TS has been 
written into the memory 53 (FIG. 5) (step SI of FIG. 10) . 
In the first embodiment, the TS that has been written 
first at the beginning of the first TS storage area 531 
(FIG. 7) in the memory 53 (FIG. 5) after the receiving 
starts is referred to as a "first TS". The TS memory read 
control circuit 522 (FIG. 6) in the receiving-side memory 
control circuit 52 (FIG. 5) can confirm that the writing 
of the first TS into the first TS storage area 531 (FIG. 
7) in the memory 53 (FIG. 5) has been completed, by 
detecting a change in the write address information output 
from the TS write address storage circuit 5228 (FIG. 9) in 
the TS memory read control circuit 522 (FIG. 6) (i.e., by 
confirming that the write address information has been 
changed to the address of the second line) . 

After the writing of the first TS into the memory 53 
(FIG. 5) has been confirmed, the TS memory read control 
circuit 522 (FIG. 6) in the receiving-side memory control 
circuit 52 (FIG. 5) reads the time stamp added to the 
first TS stored in the memory 53 (FIG. 5) (step S2 in FIG. 
10) . 

When the reading of the time stamp is finished in 
step S2 in FIG. 10, the TS memory read control circuit 522 
(FIG. 6) in the receiving-side memory control circuit 52 
(FIG. 5) waits until the amount of the stored data in the 
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memory 53 (FIG. 5) exceeds a predetermined level (step S3 
in FIG. 10) . This waiting is provided to allow clock 
regeneration using the clock frequency of the wireless 
receiving device 50 for the VBR TS . 

When the VBR TS is received, the amount of the TS 
data stored in the memory 53 (FIG. 5) varies, as shown in 
FIG. 13, for example. FIG. 13 shows an example when a 
clock signal of the wireless sending device 40 is 
synchronized with a clock signal of the wireless receiving 
device 50. In FIG. 13, the vertical axis represents the 
amount of the TS data stored in the memory 53 (FIG. 5) , 
and the horizontal axis represents time. The example 
shown in FIG. 13 is obtained, for example, when MPEG2 
video data of the TS output from the AV— HDD 

recording/reproducing apparatus 22 (FIG. 1) or the like is 
read in units of frames. To be more specific, the TS 
transmission of a 20-Mbps HD (high definition) MPEG2 video 
stream will be described. In the first embodiment, it is 
assumed that one GOP (group of pictures) has fifteen 
frames and the amount of the intra-frame data in one GOP 
is 20% of the entire data amount of one GOP. In the first 
embodiment, the first TS storage area 531 (FIG. 7) in the 
memory 53 (FIG. 5) has such a data storage capacity that 
the data of one GOP can be stored. 

In the first embodiment, it is assumed that the PCR 
(program clock reference) is added to the first TS of each 
frame and is transmitted at intervals of 33 ms , for the 
sake of simplifying the description. The throughput in 
the wireless transmission section between the wireless 
sending device 40 and the wireless receiving device 50 is 
about 20 Mbps , and the amount of the TS received by radio 
is input to the wireless receiving device 50 at an 
approximately constant ratio. However, data is read from 
the memory 53 (FIG. 5) in the wireless receiving device 50 
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in accordance with the time stamp added to the TS , on the 
basis of the clock frequency in transmitting. When intra- 
frame data is read from the memory 53 (FIG. 5) , data of 
20% of the data amount of one GOP is read in a very short 
period, and the amount of the TS data stored in the memory 
53 (FIG. 5) decreases suddenly, as shown in FIG. 13 (a 
segment D n Di 2 in a period between tn and t i2 and a segment 
D13D14 in a period between ti 3 and t i4 in FIG. 13) . The 
amount of the stored data in the memory 53 gradually 
returns to an initial level Fo over the period of one GOP 
(a segment D12D13 and a segment D14D15 in FIG. 13). 
Actually, the amount of the TS data stored in the memory 
53 (FIG. 5) does not change linearly as shown in FIG. 13 
(a segment DnDi 2 , a segment Di 2 Di 3 , a segment D13D14, and a 
segment D14D15) , but a straight-line segments are used in 
the first embodiment for ease of understanding the 
invention. When the receiving starts, the wireless 
receiving device 50 does not start a data read from the 
memory 53 (FIG. 5) before. a predetermined amount of TS is 
stored in the memory 53 (FIG. 5) , so that the TS stored in 
the memory 53 (FIG. 5) does not overflow nor underflow. 
In the first embodiment, the reading of the received TS 
starts when the memory 53 (FIG. 5) stores the TS of a half 
of the data amount of one GOP (F 0 in FIG. 13) . 

In step S3 of FIG. 10, when the amount of the stored 
data in the memory 53 (FIG. 5) exceeds a predetermined 
level, the time counter control circuit 5214 (FIG. 8) in 
the TS data read timing generating circuit 521 (FIG. 6) 
sets the time stamp value added to the first TS as the 
initial value in the time counter 5213 (FIG. 8) , and 
outputs a control signal to start counting up for time 
measurement to the time counter 5213 (FIG. 8) (step S4 of 
FIG. 10). In step S4 of FIG. 10, the time counter 5213 
(FIG. 8) in the TS data read timing generating circuit 521 
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(FIG. 6) starts counting up , and then the time comparator 
5216 (FIG. 8) outputs a TS read timing signal R 4 . The TS 
read address generating circuit 5227 (FIG. 9) outputs a 
read control signal R 6 for the data of one TS stored in 
the memory 53 (FIG. 5) from the terminal 5223, in 
accordance with the TS read timing signal R 4 (step S5 of 
FIG . 10) . 

The TS read from the memory 53 (FIG. 5) passes the 
bus arbiter circuit 523 (FIG. 6) in the receiving-side 
memory control circuit 52 (FIG. 5) and enters the FIFO 
memory 5225 (FIG. 9) in the TS memory read control circuit 
522 (FIG. 6). The FIFO memory 5225 (FIG. 9) accommodates 
the delay time of the read data and the like between the 
TS write control signal from the CPU 54 (FIG. 5) and the 
TS read control signal from the TS memory read control 
circuit 522 (FIG. 6) in the bus arbitration by the bus 
arbiter circuit 523 (FIG. 6). In the first embodiment, 
the FIFO memory control circuit 5226 (FIG. 9) outputs such 
a read control signal to the FIFO memory 5225 (FIG. 9) 
that the TS is read from the FIFO memory 5225 (FIG. 9) 
with a predetermined delay, with reference to the TS read 
timing signal R 4 input from the TS data read timing 
generating circuit 521 (FIG. 6) in the receiving-side 
memory control circuit 52 (FIG. 5). The receiving-side 
memory control circuit 52 (FIG. 5) controls writing into 
the FIFO memory 5225 (FIG. 9) in the TS memory read 
control circuit 522 (FIG. 6), with the TS data read 
control signal R 6a (FIG. 9) output from the TS read 
address generating circuit 5227 (FIG. 9) and a data read 
finish signal (not shown in FIG. 9, shown in FIG. 6 as 
signal R 8 ) output from the bus arbiter circuit 523 (FIG. 
6) in the receiving-side memory control circuit 52 (FIG. 
5) , that is, a signal indicating that data read from the 
memory 53 (FIG. 5) has finished. The data read finish 
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signal (not shown in FIG. 9, shown in FIG. 6 as a signal 
Rs) output from the bus arbiter circuit 523 (FIG. 6) is 
used also when the TS read address generating circuit 5227 
(FIG. 9) generates a TS read address. 

When the reading of the data of one TS from the 
memory 53 (FIG. 5) finishes in step S6 of FIG. 10, the TS 
read address generating circuit 5227 (FIG. 9) in the TS 
memory read control circuit 522 (FIG. 6) checks whether 
the memory 53 (FIG. 5) stores the TS of the next line, on 
the basis of the write address information stored in the 
TS write address storage circuit 5228 (FIG. 9), and if the 
TS is stored, the TS read address generating circuit 5227 
generates a TS data read control signal R 6 for reading the 
time stamp of the TS of the next line (step S7 of FIG. 
10). If the memory 53 (FIG. 5) does not store the TS of 
the next line, it is assumed that the memory 53 (FIG. 5) 
underflows, and the occurrence of underflow is reported to 
the CPU 54 (FIG. 5) . In the first embodiment, when the • 
occurrence of underflow is reported, the CPU 54 (FIG. 5) 
resets the receiving-side memory control circuit 52 (FIG. 
5) to a predetermined initial state and reexecutes the TS 
receiving (processing starting from step SI of FIG. 10) . 

In step S7 of FIG. 10, when the time stamp of the TS 
of the next line (also referred to as a "next TS") is 
received, the time comparator 5216 (FIG. 8) in the TS data 
read timing generating circuit 521 (FIG. 6) compares a 
time stamp signal R 3 and a time count value R 9 output from 
the time counter 5213 (FIG. 8) , and if the time count 
value R 9 becomes greater than the input value of the time 
stamp signal R 3 (step S8 of FIG. 10), outputs a TS read 
timing signal R4 . The TS read address generating circuit 
5227 (FIG. 9) receives the TS read timing signal R 4 and 
outputs a TS data read control signal R 6 (step S5 of FIG. 
10) . 
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The receiving-side memory control circuit 52 (FIG. 
6) repeats the operation of steps S5 to S8 shown in FIG. 
10 (i.e., step S9 surrounded by a broken line). When the 
reference clock on the receiving side, oscillated by an 
oscillator of the wireless receiving device 50 becomes 
faster than the reference clock on the sending side, 
oscillated by an oscillator of the wireless sending device 
40 (i.e., when the clock frequency on the receiving side 
of the wireless receiving device 50 becomes higher than 
the clock frequency on the sending side of the wireless 
sending device 40) , a deviation occurs between the 
reference time on the receiving side (clock frequency on 
the receiving side) , based on the count value of the time 
counter 5213 (FIG. 8), and the reference time on the 
sending side (clock frequency on the sending side) , based 
on the time stamp signal. The first embodiment is 
configured so that the receiving-side memory control 
circuit 52 (FIG. 6) delays the timing to read the TS 
temporarily stored in the memory 53 (FIG. 5) by a period 
based on the deviation. 

The clock regeneration flow in the first embodiment 
will be described with reference to flowcharts shown in 
FIG. 11 and FIG. 12. When the receiving of the TS starts, 
the CPU 54 (FIG. 5) in the wireless receiving device 50 
identifies the sending device (corresponding to the 
wireless sending device 40) , on the basis of the header 
information added to the wireless packet (step Sll of FIG. 
11) . The sending device is identified by either or both 
of the MAC address added to the header information of the 
wireless packet and the device identification information 
(such as an IP address) specific to the sending device, 
for example. When the MAC address or the IP address is 
used as the device identification information, the device 
identification information can be obtained without adding 
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new information to the wireless packet, allowing the 
processing load on the wireless sending device 40 and the 
wireless receiving device 50 to be reduced and allowing 
the sending and receiving to be performed without applying 
a load on the communication band. 

After the sending device is identified, the CPU 54 
(FIG. 5) checks whether the time correction value 
(previous time correction value) of the identified sending 
device has already been stored in a storage portion of the 
wireless receiving device 50 (e.g., a part of the memory 

53 or another memory not shown) , in accordance with the 
device identification information of the sending device 
(step S12 of FIG. 11) . If the time correction value (i.e. , 
the clock jitter correction value) of the identified 
sending device has already been stored in the wireless 
receiving device 50, the CPU 54 (FIG. 5) sets the stored 
time correction value (clock jitter correction value) as 
the initial value in the time correction value storage 
register 5215 (FIG. 8) of the TS data read timing 
generating circuit 521 (FIG. 6) (step S13 of FIG. 11). If 
the time correction value of the identified sending device 
is not stored in the wireless receiving device 50, the CPU 

54 (FIG. 5) sets the initial value '0' in the time 
correction value storage register 5215 (FIG. 8) (step S14 
of FIG. 11). If the time correction value (e.g., previous 
time correction value obtained from past data receiving) 
is stored in the wireless receiving device 50, the stored 
previous time correction value is used as the initial 
value for the following reason. The wireless receiving 
device 50 regenerates a clock of the VBR TS . The average 
data transmission rate of the VBR TS is about 20 Mbps , but 
the average data transmission rate, varies greatly in a 
short period. In a little long period, the average data 
transmission rate is considered to be almost constant, and 
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the clock jitter value can be estimated. So, the minimum 
measurement time in the first embodiment is set to the 
period of one GOP. Since it takes a very long time to 
estimate the clock jitter value once, the stored previous 
time correction value is used when the clock regeneration 
starts, if the wireless receiving device 50 stores the 
measurement result obtained when the TS was received 
before (previous time correction value). By doing this, 
the period until the time correction value converges in a 
predetermined range (time required to converge the time 
correction value in step S17 of FIG. 11) can be reduced. 

After the initial value is "set in the time 
correction value storage register 5215 (FIG. 8) of the TS 
data read timing generating circuit 521 (FIG. 6) , the CPU 
54 (FIG. 5) sets the initial value * 0' in the integration 
result storage register 5230 (FIG. 9), the TS output count 
register 5232 (FIG. 9) , and the measurement time storage 
register 5234 (FIG. 9) of the TS memory read control 
circuit 522 (FIG. 6) . At the same time, the initial value 
x 0' is set in the memory storage data amount integration 
circuit 5229 (FIG. 9), the TS output counter 5231 (FIG. 9), 
and the measurement time counter 5233 (FIG. 9) of the TS 
memory read control circuit 522 (FIG. 6) (step S15 of FIG. 
11). After the registers are initialized, the CPU 54 (FIG. 
5) measures and sets the target value (step S16 of FIG. 
11) . The method of measuring the target value will be 
described with reference to FIG. 12. 

When the receiving of the TS starts, the measurement 
of the target value starts. When the target value is 
measured, the CPU 54 (FIG. 5) checks whether the reading 
of the TS from the memory 53 (FIG. 5) has started (step 
S31 of FIG. 12) . When it is confirmed that the reading of 
the TS from the memory 53 (FIG. 5) has started, the CPU 54 
(FIG. 5) sets a time for measuring the target value (a 
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target value measurement time) in an internal timer (step 
S32 of FIG. 12). The target value measurement time is set 
to 0.5 seconds, which is a period of one GOP, for example. 
The target value measurement time may be set to a period 
of a plurality of GOPs . 

The CPU 54 (FIG. 5) waits until the target value 
measurement time set in the timer elapses (step S33 of FIG. 
12) . After a lapse of the target value measurement time, 
the CPU 54 (FIG. 5) reads the measurement results held in 
the integration result storage register 5230 (FIG. 9), the 
TS output count register 5232 (FIG. 9) , and the 
measurement time storage register 5234 (FIG. 9) of the TS 
memory read control circuit 522 (FIG. 6) (step S34 of FIG. 
12). Then, the initial value '0' is set in the 
integration result storage register 5230 (FIG. 9), the TS 
output count register 5232 (FIG. 9), and the measurement 
time storage register 5234 (FIG. 9) (step S35 of FIG. 12) . 
At this time, the memory storage data amount integration 
circuit 5229 (FIG. 9), the TS output counter 5231 (FIG. 9), 
and the measurement time counter 5233 (FIG. 9) in the TS 
memory read control circuit 522 (FIG. 6) are also set to 
the initial value '0'. 

The CPU 54 (FIG. 5) calculates a target value, using 
the register values. To be more specific, a value An 0 
held in the TS output count register 5232 (FIG. 9) of the 
TS memory read control circuit 522 (FIG. 6) is divided by 
a value Bn 0 held in the measurement time storage register 
5234 (FIG. 9) to obtain a TS average read rate Cuo (= 
Ano/Bno) . Next, a value Duo stored in the integration 
result storage register 5230 (FIG. 9) is divided by the TS 
average read rate Cuo to obtain a target value Eno (= 
Duo/Cno) (step S36 of FIG. 12). In the first embodiment, 
the memory storage data amount integration circuit 5229 
(FIG. 9) integrates difference AF between a reference 
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capacity F 0 and the amount of the stored data in the 
memory, as shown in FIG. 13. Accordingly, in FIG. 13, an 
area of the hatched region is outputs as the integral Duo 
obtained by the memory storage data amount integration 
circuit 5229 (FIG. 9). Further, in the first embodiment, 
the memory storage data amount integration circuit 5229 

(FIG. 9) performs integration at a timing in which the TS 
is read from the memory 53 (FIG. 5). Now, the measuring 
and setting of the target value Eno has finished. 

When the measuring and setting of the target value 
Eno is completed, the calculation of the time correction 
value (clock jitter correction value) starts. The CPU 54 

(FIG. 5) waits until a predetermined measurement time 
elapses (step S18 of FIG. 11) . The measurement time in 
step S18 of FIG. 11 is the period of one GOP, which is the 
same as the target value measurement time used when the 
target value is set (step S32 of FIG. 12) . After the 
measurement time elapses in step S18 of FIG. 11, the CPU 
54 (FIG. 5) reads the measurements stored in the 
integration result storage register 5230 (FIG. 9), the TS 
output count register 5232 (FIG. 9), and the measurement 
time storage register 5234 (FIG. 9) (step S19 of FIG. 11) 
and then sets the integration result storage register 5230 

(FIG. 9), the TS output count register 5232 (FIG. 9), and 
the measurement time storage register 5234 (FIG. 9) to the 
initial value "0' (step S20 of FIG. 11) , in the same 
manner as the target value measurement. At this time, the 
memory storage data amount integration circuit 5229 (FIG. 
9), the TS output counter 5231, and the measurement time 
counter 5233 are set to the initial value '0' at the same 
• time . 

Next, the CPU 54 (FIG. 5) then uses the register 
values in the same manner as the target value measurement 
(step S36 of FIG. 12) . A value Am stored in the TS 
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output count register 5232 (FIG. 9) is divided by a value 
Bm stored in the measurement time storage register 5234 

(FIG. 9) to obtain a TS average read rate Cm (= Am/Bm) 
in the period. Then, a value Dm stored in the 
integration result storage register 5230 (FIG. 9) is 
divided by the TS average read rate Cm to obtain 
measurement a value Em (= Dm/Cm) . 

The deviation (i.e., difference) between the 
measurement value Em and the target value Eno is 
calculated, and a value corresponding to the calculated 
deviation is referred to as a "time correction value" 

(clock jitter correction value) . In the first embodiment, 
two predetermined conversion tables as shown in FIG. 15, 
which are conversion tables associating calculated 
deviations with clock jitter correction values, are 
prepared for the clock jitter correction value, and the 
clock jitter correction value is calculated accordingly. 
The number of the conversion tables to be prepared may be 
one or three or more than three. 

Next, the clock jitter value dSUM will be described 
in detail with reference to FIG. 14. In FIG. 14, the 
clock frequency on the receiving side of the wireless 
receiving device 50 is higher than the clock frequency on 
the sending side of the wireless sending device 40, and 
the reference clock of the wireless receiving device 50 is 
faster than the reference clock of the wireless sending 
device 40. The actual clock frequency deviation depends 
on the precision of the oscillator of the wireless sending 
device 40 and the oscillator of the wireless receiving 
device 50. If a crystal oscillator is used, the maximum 
clock deviation becomes around ±100 ppm (parts per 
million). In FIG. 14, the clock jitter value dSUM is 
exaggerated for ease of understanding (the shown gradient 
of a segment D 2 iD 2 5a with reference to a segment D21D25 is 
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greater than the real gradient) . Since the clock 
frequency on the receiving side of the wireless receiving 
device 50 is higher than the clock frequency on the 
sending side of the wireless sending device 40 , the time 
counter 5213 (FIG. 8) in the wireless receiving device 50 
counts up faster, gradually decreasing the amount of the 
TS data stored in the memory 53 (FIG. 5) (as indicated by 
a segment D 2 iD 2 5a shown in FIG. 14) . In this case, the 
deviation between the clock frequency on the receiving 
side and the clock frequency on the sending side is 
constant (not varying with a change in the TS input rate 
or the like) . Accordingly, the hatched region shown in 
FIG. 14 corresponds to the clock jitter value dSUM (a 
value corresponding to the difference between the 
measurement value Em and the target value En 0 ) - 
Therefore, the CPU 54 (FIG. 5) calculates a clock jitter 
correction value depending on the clock jitter value. 
Then, the CPU 54 (FIG. 5) sets the calculated clock jitter 
correction value in the time correction value storage 
register 5215 (FIG. 8) (step S21 of FIG. 11). The 
calculated clock jitter correction value is based on the 
result controlled with the time correction value storage 
register 5215 (FIG. 8), and the clock jitter value 
calculated by the algorithm is the difference. Therefore, 
when the clock jitter correction value is set in the time 
correction value storage register 5215 (FIG. 8)., the 
calculated clock jitter correction value is added to the 
current clock jitter correction value. 

In the first embodiment, when the clock jitter 
correction value is calculated, the TS average read rates 
Ciio (when the target value En 0 is calculated) and Cm 
(when the measurement value Em is calculated) are used 
for the following reason. To make it easier to control 
the. timing of the integration of the amount of the stored 
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data in the memory 53 (FIG. 5) by the memory storage data 
amount integration circuit 5229 (FIG. 9), the data reading 
is performed in synchronization with the timing in which 
the TS read address generating circuit 5227 (FIG. 9) reads 
the TS from the memory 53 (FIG. 5). The clock jitter 
value to be obtained (corresponding to the integral of the 
hatched region in FIG. 14) varies between when the TS with 
an average data transfer rate of 20 Mbps is received and 
when the TS with an average data transfer rate of 5 Mbps 
is received. Therefore, for the normalization, the clock 
jitter value is normalized by using the average read rate 
of the TS. 

A clock regeneration method using the clock jitter 
correction value will next be described. The time counter 
control circuit 5214 (FIG. 8) in the TS data read timing 
generating circuit 521 (FIG. 6) adds the clock jitter 
correction value held in the time correction value storage 
register 5215 (FIG. 8) to the count value of the time 
counter 5213 at intervals of a predetermined period (at 
intervals of 100 ms in the first embodiment) , to correct 
the output value of the time counter 5213 (FIG. 8). In 
the example shown in FIG. 14, the clock frequency on the 
receiving side of the wireless receiving device 50 is 
higher than the clock frequency on the sending side of the 
wireless sending device 40, and the amount of the stored 
data in the memory 53 (FIG. 5) is decreasing. In that 
case, the time counter 5213 counts down by the clock 
jitter correction value once in 100 ms (the time is forced 
to be delayed) . By delaying the time by the clock jitter 
correction value, the reference time based on the clock 
frequency in the wireless receiving device 50 can be 
brought closer to the reference time based on the clock 
frequency in the wireless sending device 40. 

In the wireless receiving device 50 of the first 



37 



549122WOT 

embodiment, the time correction value (clock jitter 
correction value) held in the time correction value 
storage register 5215 (FIG. 8) is added as an offset to 
the count value of the time counter 5213 (FIG. 8) in the 
TS data read timing generating circuit 521 (FIG. 6) at 
constant intervals in clock regeneration (clock jitter 
correction) , so that appropriate clock can be regenerated 
without changing the system clock frequency of the 
wireless receiving device 50. Accordingly, with the 
wireless receiving device 50 of the first embodiment (or 
with the data receiving method of the first embodiment) , 
the clock regeneration for the received TS ' s can be 
concurrently executed, by storing the TS ' s sent from a 
plurality of wireless sending devices separately in 
different storage areas of the memory 53 (FIG. 5) , 
providing the time counter 5213 (FIG. 8) corresponding to 
each storage area to use the read timing of each of the 
TS's sent from the plurality of wireless sending devices. 

When the calculating and setting of the clock jitter 
correction value is finished, the CPU 54 (FIG. 5) checks 
whether the clock jitter correction value has converged. 
To be more specific, it is determined that the value has 
converged when the calculated clock jitter correction 
value is within a predetermined range (step S22 of FIG. 
11) . If it is determined that the value has not 
converged, the clock jitter measurement restarts under the 
same measurement conditions. If it is determined that the 
value has converged, the measurement time is changed (step 
S23 of FIG. 11) , and the clock jitter measurement restarts 
(step S18 and later in FIG. 11). It is preferable that 
the conversion table for calculating the clock jitter 
correction value be changed from the conversion table 
represented by a solid line (a straight line having a 
large gradient) in FIG. 15 to the conversion table 
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represented by a broken line (a straight line having a 
smaller gradient). The reason is as follows: The clock 
jitter value depends on the deviation in system clock 
frequency and becomes approximately constant for 
predetermined device. When the clock jitter correction 
value is brought into a predetermined convergence range 
(e.g., immediately after the receiving starts), the gain 
of clock jitter correction value calculation (the gradient 
of the straight line representing the conversion table) is 
increased to reduce the time to bring in the value. After 
the clock jitter correction value is brought into a 
predetermined convergence range, the gain is decreased to 
improve the stability of the system. Accordingly, the 
time to bring in the clock jitter correction value into 
the convergence range can be reduced. After the clock 
jitter correction value is brought into the convergence 
range, the wireless receiving device 50 operates with 
stability. In the first embodiment, the measurement time 
is increased to improve the precision of the measurement 
value and to operate the wireless receiving device 50 with 
stability after the clock jitter correction value has 
converged. In the first embodiment, the PLL (phase-locked 
loop) control and the like are not used even after the 
clock jitter value has converged, so that the clock jitter 
correction value must be continuously updated when data is 
received . 

As has been described above, with the data receiving 
method of the first embodiment (the wireless receiving 
device 50 of the first embodiment) , the TS can be 
continuously output without underflow or overflow even 
when the VBR TS transmitted with jitter by radio is 
received. Therefore, when the MPEG2 TS is decoded and 
reproduced by the device on the receiving side, the MPEG2 
data can be reproduced without interruption in video. 
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With the data receiving method of the first 
embodiment (the wireless receiving device 50 of the first 
embodiment) , the receiving-side memory 53 has a plurality 
of storage areas, the packet data output from a plurality 
of data sending devices of a single wireless receiving 
device 50 can be received, and data can be output 
continuously without underflow or overflow in the received 
packet data. The receiving-side memory 53 has a plurality 
of storage areas, allowing a plurality of streams to be 
handled in a simple circuit configuration, suppressing the 
circuit size and reducing the power consumption and the 
production cost. 

Second Embodiment 

FIG. 16 is a flowchart showing a clock jitter detect 
operation of a wireless receiving device in a second 
embodiment of the present invention. Further, FIG. 17 is 
a diagram showing a table used to select a conversion 
table by the wireless receiving device in the second 
embodiment. Furthermore, FIG. 18 is a diagram showing a 
conversion table used to calculate a clock jitter 
correction value by the. wireless receiving device in the 
second embodiment . 

A data receiving method in the second embodiment is 
the same as the data receiving method in . the first 
embodiment, except for the integration method of the 
memory storage data amount integration circuit 5229 (FIG. 
9), the clock jitter correction value convergence 
determination method, and the clock jitter detection 
method. To be more specific, the second embodiment 
differs from the first embodiment in the following points. 
In the first embodiment, the timing at which the memory 
storage data amount integration circuit 5229 (FIG. 9) 
integrates the amount of the TS data stored in the memory 
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53 (FIG. 5) is synchronized with the timing at which the 
TS read address generating circuit 5227 (FIG. 9) in the TS 
memory read control circuit 522 (FIG. 6) reads the TS from 
the memory 53 (FIG. 5) , for ease of control. In the 
second embodiment, the timing of integrating the amount of 
the stored TS data matches a predetermined timing based on 
the clock frequency on the receiving side in the wireless 
receiving device. FIG. 1 to FIG. 10 and FIG. 12, which are 
provided to describe the first embodiment, are also used 
to describe the second embodiment. In FIG. 16, the steps 
identical to the steps in FIG. 11 will be denoted by the 
same reference marks. 

The clock regeneration flow in the wireless 
receiving device 50 when a wireless packet containing the 
TS sent from the wireless sending device 40 in the second 
embodiment will be described, with reference to FIG. 16 
and FIG. 12. As shown in FIG. 16, when the receiving of 
the TS starts, the CPU 54 (FIG. 5) in the wireless 
receiving device 50 identifies the sending device 
(corresponding to the wireless sending device 40) in 
accordance with the header information added to the 
wireless packet (step Sll of FIG. 16) . The sending device 
is identified by either or both of the MAC address added 
to the header information of the wireless packet and the 
device identification information (such as the IP address) 
specific to the sending device, for example. If the MAC 
address or the IP address is used as the device 
identification information, the device identification 
information can be obtained without adding any additional 
information to the wireless packet, so that the processing 
load on the wireless sending device 40 and the wireless 
receiving device 50 can be reduced, and the sending and 
receiving can be performed without applying the load on 
the communication band. 
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After the sending device is identified, the CPU 54 
(FIG. 5) in the wireless receiving device 50 checks 
whether a storage section (e.g., a part of the memory 53 
or another memory, not shown in the figure) in the 
wireless receiving device 50 already stores the time 
correction value of the sending device identified earlier 
(also referred to as a "previous time correction value") , 
in accordance with the device identification information 
of the sending device (step S12 of FIG. 16). 

If the wireless receiving device 50 is found to 
contain the previous time correction value (clock jitter 
correction value) in step S12 of FIG. 16, the CPU 54 (FIG. 
5) sets the stored previous time correction value as the 
initial value in the time correction value storage 
register 5215 (FIG. 8) of the TS data read timing 
generating circuit 521 (FIG. 6) (step S13 of FIG. 16). 
Then, a measurement time T (n) used to measure the target 
value is set, a conversion table Table (n) used to 
calculate the clock jitter correction value is set (step 

541 of FIG. 16) , where n is i. As shown in FIG. 17, i in 
the second embodiment can take five values of 0 to 4. The 
measurement time T (n) and the conversion table Table (n) 
for calculating the clock jitter correction value can be 
switched by changing the value of i in accordance with the 
result of convergence in the calculation of the clock 
jitter correction value. 

If the wireless receiving device 50 is not found to 
contain the previous time correction value in step S12 of 
FIG. 16, the initial value '0' is set in the time 
correction value storage register 5215 (FIG. 8) (step S14 
of FIG. 16) . Then, with n = i = 0, the measurement time 
is set to T(0), and the conversion table for calculating 
the clock jitter correction value is set to Table (0) (step 

542 of FIG. 16) , for the following reason: 
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In the clock regeneration for the VBR TS , the average data 
transmission rate varies greatly in a short unit time of 
the measurement time, in the same manner as the first 
embodiment. In a little long period, the average data 
transmission rate is considered to be almost constant, and 
the clock jitter value can be estimated. However, there 
is no guarantee that the amount of the received data in 
one GOP used in the first embodiment is not necessarily 
constant. Therefore, the measurement time must be 
extended to estimate the clock jitter value with a much 
higher precision. On the other hand, when the clock 
frequency deviation between the crystal oscillators of the 
wireless sending device 40 and the wireless receiving 
device 50 is -100 ppm (parts per million) with respect to 
the center frequency of the wireless sending device 40, 
and is +100 ppm with respect to the center frequency of 
the wireless receiving device 50 and when the system clock 
is 27 MHz, the device has the following system clock 
frequency: 

Clock frequency of the wireless sending device 40 
= 26.9973 MHz 

Clock frequency of the wireless receiving device 30 
- 27 .0027 MHz 

Accordingly, the difference in the clock count per second 
is 5400 (= 27.0027 MHz - 26.9973 MHz = 0.0054 MHz), and 
the amount of the time deviation per second is (5400/27 
MHz) seconds, i.e., about 200 n s . 

On the other hand, since the maximum value of the 
permissible jitter of the TS is 50 ms, the wireless 
receiving device 50 must converge the clock jitter 
correction as early as possible. The minimum control unit 
of VBR is one GOP. In addition, when the sending and 
receiving start, the clock jitter correction control in 
units of GOPs starts. Therefore, the clock jitter value 
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must be suppressed to below a predetermined level of clock 
frequency deviation as early as possible. Accordingly, a 
plurality of measurement times and a plurality of jitter 
correction tables are provided for the estimation of the 
clock jitter value. When the sending and receiving start 
(and in a period immediately after the sending and 
receiving start), rough adjustment is executed to converge 
the clock jitter value rapidly (rough clock jitter 
correction), and fine adjustment (high-precision clock 
jitter correction) is executed in accordance with the 
degree of convergence of the clock jitter value. 
In the second embodiment, if the measurement result 
carried out in previous TS receiving from the wireless 
sending device 40 is stored, the system operation can be 
stabilized from the beginning of receiving by using the 
stored time correction value (i.e., by using the time 
correction value which can suppress the clock frequency 
deviation) , in the same manner as the first embodiment. 

After completing the setting of the measurement time 
T(n) and the conversion table Table (n) for calculating the 
clock jitter correction value, the CPU 54 (FIG. 5) sets 
the initial value *0' in the integration result storage 
register 5230 (FIG. 9), the TS output count register 5232 
(FIG. 9) , and the measurement time storage register 5234 
(FIG. 9) in the TS memory read control circuit 522 (FIG. 
6) . At this time, the memory storage data amount 
integration circuit 5229 (FIG. 9), the TS output counter 
5231, and the measurement time counter 5233 in the TS 
memory read control circuit 522 (FIG. 6) are also set to 
the initial value x 0' (step S15 of FIG. 16). After the 
initialization of the registers is finished, a target 
value is measured and set (step S16 of FIG. 16) . The 
method of measuring the target value in the second 
embodiment will be described below with reference to FIG. 
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12 . 

In the second embodiment, the wireless receiving 
device 50 starts measuring a target value when the 
receiving of the TS starts, in the same manner as the 
first embodiment. The operation of steps S31 to S33 of 
FIG. 12 is the same as the corresponding operation in the 
first embodiment. In the second embodiment, an example 
with the measurement time of target value measurement 

(referred to as a "target value measurement time") set to 
2 seconds will be described. After the target value 
measurement time has elapsed (2 seconds after the first TS 
received is read), the CPU 54 (FIG. 5) reads the 
measurement results held in the integration result storage 
register 5230 (FIG. 9), the TS output count register 5232 

(FIG. 9), and the measurement time storage register 5234 

(FIG. 9) of the TS memory read control circuit 522 (FIG. 
6) (step S34 of FIG. 12) . At the same time, the 
integration result storage register 5230 (FIG. 9), the TS 
output count register 5232 (FIG. 9), and the measurement 
time storage register 5234 (FIG. 9) are initialized to *0' 

(step S35 of FIG. 12). At this time, the memory storage 
data amount integration circuit 5229 (FIG. 9), the TS 
output counter 5231 (FIG. 9), and the measurement time 
counter 5233 (FIG. 9) in the TS memory read control 
circuit 522 (FIG. 6) are also set to initial value '0'. 

Next, the CPU 54 (FIG. 5) calculates the target 
value, using the various kind of register values. To be 
more specific, a value Ai 2 o held in the TS output count 
register 5232 (FIG. 9) of the TS memory read control 
circuit 522 (FIG. 6) is divided by a value Bi 2 o held in the 
measurement time storage register 5234 (FIG. 9) to 
calculate a TS average read rate C120 (= A120/B120) , and the 
calculation result is stored. Next, the CPU 54 (FIG. 5) 
divides a value D120 held in the integration result storage 
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register 5230 (FIG. 9) by the value Bi 2 o held in the 
measurement time storage register 5234 (FIG. 9) to 
calculate a target value Ei 2 o (= D120/B120) (step S36 of FIG. 
12). In the second embodiment, a difference AF between 
the reference capacity F 0 and the amount of the stored 
data in the memory is integrated, as shown in FIG. 13, in 
the same manner as the first embodiment. The value 
equivalent to an area of the hatched region in FIG. 13 is 
output, as the integral D120 in the memory storage data 
amount integration circuit 5229 (FIG. 9) . In the second 
embodiment, the integration time of the memory storage 
data amount integration circuit 5229 (FIG. 9) is created 
on the basis of the reference clock of the wireless 
receiving device 50, which differs from the first 
embodiment, in which the integration timing in the memory 
storage data amount integration circuit 5229 (FIG. 9) is 
synchronized with the TS read timing. When the target 
value is. set, the integral of the memory storage data 
amount integration circuit 5229 (FIG. 9) is divided by the 
measurement time to obtain the target value, although the 
integral of the memory storage data amount integration 
circuit 5229 (FIG. 9) is divided by the average read rate 
of the TS read from the memory 53 (FIG. 5) in the first 
embodiment . 

After the target value is measured and set as 
described above, the calculation of the clock jitter 
correction value starts. The CPU 54 (FIG. 5) waits until 
a predetermined measurement time T(n) elapses (step S18 of 
FIG. 16). In the second embodiment, the measurement time 
T(n) is set on the basis of i = n shown in FIG. 17. If 
the clock jitter correction value has already been 
obtained (i = 4), the measurement time T(n) is set to 8 
seconds (i - 4 in FIG. 17) . If the clock jitter 
correction value is not obtained, the measurement time 
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T(n) is set to 0.5 seconds (i = 0 in FIG. 17) . After a 
lapse of measurement time T(n), the CPU 54 (FIG. 5) reads 
'the results of measurement held in the integration result 
storage register 5230 (FIG. 9), the TS output count 
register 5232 (FIG. 9), and the measurement time storage 
register 5234 (FIG. 9) in the TS memory read control 
circuit 522 (FIG. 6) (step S19 of FIG. 16) and resets the 
integration result storage register 5230 (FIG. 9), the TS 
output count register 5232 (FIG. 9), and the measurement 
time storage register 5234 (FIG. 9) to the initial value 
*0' (step S20 of FIG. 16) , in the same manner as the 
target value measurement. The memory storage data amount 
integration circuit 5229 (FIG. 9), the TS output counter 
5231 (FIG. 9), and the measurement time counter 5233 (FIG. 
9) are also set to the initial value *0'. 

Next, the CPU 54 (FIG. 5) calculates the measurement 
value, using register values, in the same manner as the 
target value measurement (step S36 of FIG. 12). To be 
more specific, a value A X2 i held in the TS output count 
register 5232 (FIG. 9) is divided by a value B121 held in 
the measurement time storage register 5234 (FIG. 9) to 
obtain a TS average read rate C121 (= A121/B121) in the 
period. It is checked whether the TS read data rate 
changes, exceeding a predetermined level within the 
measurement period, from the TS average read rate 
information. If the TS average read rate C121 changes, 
exceeding a predetermined level, the routine of setting 
the target value is reexecuted to change the target value, 
in the second embodiment, for the following reason. The 
clock jitter value depends on the frequency deviation 
between the system clocks of the wireless sending device 
40 and the wireless receiving device 50. Accordingly, a 
change in read rate during receiving does not change the 
clock jitter value. In the second embodiment, after a 
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predetermined amount of TS is stored in the memory 53 (FIG 
5) , the read control starts. If the TS average read rate 
changes in the wireless receiving device 50, a delay time 
for a predetermined number of the TS ' s stored in the 
memory 53 (FIG. 5) is provided. If the average read data 
rate changes from 20 Mbps to 12 Mbps , the average amount 
of the stored data in the memory 53 (FIG. 5) decreases by 
the amount corresponding to the delay time, or the 
difference (8 Mbps) in TS read rate, in comparison with 
the amount of the TS stored in the memory 53 (FIG. 5) when 
20-Mbps TS is received. If the average read data rate 
increase from 8 Mbps to 20 Mbps, the average amount of the 
stored data in the memory 53 (FIG. 5) increases by the 
amount corresponding to the delay time, or the difference 
in TS read rate (12 Mbps). Accordingly, it is determined 
in the second embodiment whether the target value is reset 
in accordance with the calculated TS average read rate. 

If the target value does not need to be reset, a 
value D121 held in the integration result storage register 
5230 (FIG. 9) of the TS memory read control circuit 522 

(FIG. 6) is divided by a value B121 stored in the 
measurement time storage register 5234 (FIG. 9) to obtain 
a measurement value E121 (= D121/B121) . 

The deviation (difference) between the measurement 
value Ei2i (measurement value obtained for a TS received 
after the first TS) and the target value E120 (measurement 
value obtained for the first TS) is calculated, and the 
value corresponding to the calculated deviation is set as 
a time correction value (clock jitter correction value) . 
In the second embodiment, a plurality of conversion tables 

(five conversion tables in the second embodiment) 
associating the calculated result (deviation) and the 
clock jitter correction value are provided, as shown in 
FIG. 18, and the clock jitter correction table is switched 
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in accordance with the value of i, to calculate the clock 
jitter correction value. The calculated result is set as 
the clock jitter correction value in the time correction 
value storage register 5215 (FIG. 8) (step S21 of FIG. 16). 
The calculated clock jitter correction value is based on 
the result obtained through control by the time correction 
value storage register 5215 (FIG. 8), so that the clock 
jitter value calculated by the algorithm is the difference, 
in the same manner as the first embodiment. When the 
clock jitter correction value is set in the time 
correction value storage register 5215 (FIG. 8) of the TS 
data read timing control circuit 521 (FIG. 6) , the sum of 
the current clock jitter correction value and the 
calculated clock jitter correction value is set. 

Next, the method of regenerating a clock by using 
the clock jitter correction value will be described. In 
the same manner as the first embodiment, the time counter 
control circuit 5214 (FIG. 8) in the TS data read timing 
generating circuit 521 (FIG. 6) corrects the output value 
of the time counter 5213 (FIG. 8) by adding the clock 
jitter correction value stored in the time correction 
value storage register 5215 (FIG. 8) to the time counter 
value at predetermined time intervals (at intervals of 100 
ms in the second embodiment) . In the example shown in FIG. 
14, the clock frequency on the receiving side of the 
wireless receiving device 50 is higher than the clock 
frequency on the sending side of the wireless sending 
device 40, and the amount of the stored data in the memory 
53 (FIG. 5) is decreasing. In this case, the time of the 
time counter 5213 is delayed (i.e., is forced to be 
delayed) by the amount corresponding to the clock jitter 
correction value once in 100 ms . The reference time based 
on the clock frequency of the wireless receiving device 50 
can be brought closer to the reference time based on the 



49 



549122WOT 



clock frequency of the wireless sending device 40 by 
delaying the time by the amount corresponding to the clock 
jitter correction value. 

After the clock jitter correction value is 
calculated and set, the CPU 54 (FIG. 5) checks whether the 
clock jitter correction value has converged. To be more 
specific, if the calculated clock jitter correction value 
is within a predetermined range, it is determined that the 
value has converged (step S22 of FIG. 16) . If it is 
determined that the value does not converge, the clock 
jitter measurement is conducted again under the same 
measurement conditions. If it is determined that the 
value has converged, the measurement time T(n) and clock 
jitter calculation table Table (n) are changed, and then 
the clock jitter measurement is performed again (i = i + 1 
is also performed) (step S43 of FIG. 16) . In the meantime, 
the conversion table for calculating the clock jitter 
correction value is modified, as shown in FIG. 18. If i = 
4, it is determined that the convergence has been 
completed, and the measurement time and the clock jitter 
correction table are not changed. 

The control operation is performed for the following 
reason, which is the same as the reason in the first 
embodiment. Clock jitter depends on the deviation in 
system clock frequency, and the value is almost constant 
for predetermined device. Therefore, when the clock 
jitter correction value is brought into a predetermined 
convergence range, the gain of clock jitter correction 
value calculation (gradient of segments in Fig. 18) is 
increased to reduce the time to bring in the value. After 
the clock jitter correction value is brought into a 
predetermined convergence range, the gain of clock jitter 
correction value calculation is decreased to improve the 
stability of the system. By switching the control 
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operation in a plurality of stages, the system can 
converge earlier, and the stability in system operation 
can be improved even before the convergence. Similarly, 
the measurement time is increased to improve the precision 
of the measurement value and to stabilize the system in 
the convergence. In the second embodiment, PLL control 
and the like are not used even after the clock jitter 
value has converged, so that clock jitter correction value 
must be continuously updated when data is received. 

As has been described above, with the data receiving 
method of the second embodiment, the TS can be 
continuously output without underflow or overflow even if 
the VBR TS transmitted by radio with jitter is received. 
Therefore, when the MPEG2 TS is decoded and reproduced by 
the device on the receiving side, the MPEG2 data can be 
reproduced without interruption in video. Except for the 
above described points, the second embodiment is the same 
as the first embodiment. 

Further, with the data receiving method of the 
second embodiment, the target value used to calculate the 
deviation in clock frequency is reset when the average 
read rate varies greatly. Accordingly, the clock 
regeneration can be performed even if the average read 
rate of the received data changes. Therefore, when the 
MPEG2 TS is decoded and reproduced by the device on the 
receiving side, the MPEG2 data can be reproduced without 
interruption in video. 

Third Embodiment 

The data receiving method according to the third 
embodiment of the present invention differs from the data 
receiving method according to the first embodiment in the 
clock jitter detect operation by the CPU 54 in the 
wireless receiving device 50. Except for this point, the 
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data receiving method according to the third embodiment is 
the same as the data receiving method according to the 
first embodiment. Therefore, FIG. 1 to FIG. 10, FIG. 13, 
and FIG. 14, which are used to describe the first 
embodiment, are also used to describe the third embodiment. 

FIG. 19 is a flowchart showing the clock jitter 
detect operation of the CPU 54 in the wireless receiving 
device 50 in the third embodiment, and FIG. 20 is a 
flowchart showing an operation of measuring and setting an 
initial value (step S216 of FIG. 19) in the operation 
shown in FIG. 19. Further, FIG. 21 is a flowchart showing 
an operation of calculating a clock jitter value in the 
third embodiment. FIG. 22 is. a flowchart showing an 
operation of calculating a clock jitter correction value 
in the third embodiment. FIG. 23 is a flowchart showing 
an operation of determining whether the clock jitter 
correction value has converged in the calculation of the 
clock jitter value in the third embodiment. Furthermore, 
FIG. 24 is a diagram showing an example of a table which 
is used when the wireless receiving device 50 in the third 
embodiment calculates the time correction value (clock 
jitter correction value) and which contains the 
measurement time, the threshold used to determine whether 
a convergence is made, and the convergence determination 
condition to be used in each correction value calculation 
stage. Moreover, FIG. 25 is a diagram showing an example 
of a conversion table (a table of gains, by which the 
measurement value is multiplied) used by the wireless 
receiving device in the third embodiment to calculate a 
clock jitter correction value. 

The operation of the wireless receiving device 5 0 in 
the third embodiment, which has received a wireless packet 
including a TS sent from the wireless sending device 40, 
will be described below with reference to FIG. 5 to FIG. 
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10, FIG. 13, FIG. 14/ and FIG. 19 to FIG. 25. When the 
wireless receiving device 50 in the third embodiment 
receives a wireless packet transmitted from the wireless 
sending device 40, the wireless LAN module 51 (FIG. 5) in 
the wireless receiving device 50 analyzes the wireless 
header added to the beginning of the wireless packet and 
detects the wireless sending device (source) from which 
the received packet has been sent and the wireless 
receiving device (destination) to which the packet has 
been sent. If the destination of the wireless packet is 
not the wireless receiving device 50 itself, the wireless 
LAN module 51 (FIG. 5) in the wireless receiving device 50 
discards the wireless packet. If the destination of the 
wireless packet is the wireless receiving device 50 itself, 
the wireless LAN module 51 (FIG. 5) in the wireless 
receiving device 50 identifies the type of the wireless 
packet and performs other operations, and outputs the 
results to the CPU 54 (FIG. 5) in the wireless receiving 
device 50. The CPU 54 (FIG. 5) receives the detection 
result from the wireless LAN module 51 (FIG. 5) , and if 
the received data is a time-stamped TS , the CPU 54 starts 
DMA to transfer the time-stamped TS to the memory 53 (FIG. 
5) in the wireless receiving device .50. If the data 
received by the wireless LAN module 51 (FIG. 5) is device 
control data, the CPU 54 (FIG. 5) performs a predetermined 
processing on the device control data and then sends the 
device control data to devices connected by an IEEE1394 
interface. The IEEE1394 interface transmits the video 
stream (a TS signal and a DV signal) and the AV/C command 
(evice control signal) on the same signal line by time 
division multiplexing. In the third embodiment, the 
sending and receiving of a TS stream is described in 
detail, and the IEEE1394 interface and the input and 
output terminals of the device control signal (AV/C 
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command) are not shown in the figures. 

Next , the receiving- side memory control circuit 5 2 

(FIG. 5) in the wireless receiving device 50 writes the TS 
received by the wireless LAN module 51 (FIG. 5) into the 
memory 53 (FIG. 5), in accordance with the TS write 
control signal sent from the CPU 54 (FIG. 5) through the 
CPU bus 55 , and stores the TS temporarily in the memory 
53. In the third embodiment, the received TS is written 
in a first TS storage area 531 (FIG. 7) of the memory 53 

(FIG. 5) . When the TS is written into the memory 53 (FIG. 

5) , the TS data read timing generating circuit 521 (FIG. 

6) generates a TS read timing signal R 4 , in accordance 
with the flow shown in FIG. 10. When the receiving of the 
TS from the wireless sending device 40 begins, the CPU 54 

(FIG. 5) checks whether the memory 53 (FIG. 5) contains an 
area available to store the TS , and if the two storage 
areas 531 and 532 shown in FIG. 7 have already been 
occupied, notifies the wireless sending device 40 that the 
TS cannot be received, through the wireless LAN module 51 

(FIG. 5) . 

The operation to store the received TS in the 
storage area will next be described. As shown in FIG. 10 , 
when the wireless LAN module 51 (FIG. 5) starts receiving 
the TS, the CPU 54 (FIG. 5) in the wireless receiving 
device 50 determines the storage area in the memory 53 

(FIG. 5) to store the received TS and reports the 
determined storage area to the TS memory read control 
circuit 522 (FIG. 6) in the receiving-side memory control 
circuit 52 (FIG. 5). The TS memory read control circuit 
522 (FIG. 6) determines the storage area in the memory 53 

(FIG. 5) from which the TS is read, in accordance with the 
determined storage area in the memory 53 (FIG. 5) . After 
the receiving of the TS starts, the TS memory read control 
circuit 522 (FIG. 6) in the receiving-side memory control 
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circuit 52 (FIG. 5) confirms that the first TS has been 
written into the memory 53 (FIG. 5) (step SI of FIG. 10). 
In the third embodiment, the first TS that has been 
written at the beginning of the first TS storage area 531 

(FIG. 7) in the memory 53 (FIG. 5) after the receiving 
starts is referred to as a "first TS". The TS memory read 
control circuit 522 (FIG. 6) in the receiving-side memory 
control circuit 52 (FIG. 5) can confirm that the writing 
of the first TS into the first. TS storage area 531 (FIG. 
7) in the memory 53 (FIG. 5) has been completed, by 
detecting a change in the write address information output 
from the TS write address storage circuit 5228 (FIG. 9) in 
the TS memory read control circuit 522 (FIG. 6) (i.e., by 
confirming that the write address information has been 
changed to the address of the second line) . 

After the writing of the first TS into the memory 53 

(FIG. 5) can been confirmed, the TS memory read control 
circuit 522 (FIG. 6) in the receiving-side memory control 
circuit 52 (FIG. 5) reads the time stamp added to the 
first TS stored in the memory 53 (FIG. 5) (step S2 of FIG. 
10) . 

When the reading of the time stamp is finished in 
step S2 of FIG. 10, the TS memory read control circuit 522 
(FIG. 6) in the receiving-side memory control circuit 52 
(FIG. 5) waits until the amount of the stored data in the 
memory 53 (FIG. 5) exceeds a predetermined level (step S3 
of FIG. 10) . This wait time is provided to allow clock 
regeneration using the clock frequency of the wireless 
receiving device 50 for the VBR TS . 

When the VBR TS is received, the amount of the TS 
data stored in the memory 53 (FIG. 5) varies, as shown in 
FIG. 13, for example. FIG. 13 shows an example when the 
clock signals of the wireless sending device 40 and the 
wireless receiving device 50 are synchronized. In FIG. 13, 
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the vertical axis represent the amount of the TS data 
stored in the memory 53 (FIG. 5), and the horizontal axis 
represents time. The example shown in FIG. 13 is obtained, 
for example, when the MPEG2 video data of the TS output 
from the AV-HDD recording/ reproducing apparatus 22 (FIG. 
1) or the like is read in units of frames. To be more 
specific, the TS transmission of a 20-Mbps HD (high 
definition) MPEG2 video stream will be described. In the 
third embodiment, it is assumed that one GOP has 15 frames 
and the amount of the intra-frame data in one GOP is 20% 
of the entire data amount of one GOP. In the third 
embodiment, the first TS storage area 531 (FIG. 7) in the 
memory 53 (FIG. 5) has such a data storage capacity that 
the data of one GOP can be stored. 

In the third embodiment, the PCR is added to the 
first TS of each frame and is transmitted at intervals of 
33 ms , for the sake of simplifying the description. The 
throughput in the wireless transmission section between 
the wireless sending device 40 and the wireless receiving 
device 50 is about 20 Mbps , and the amount of the TS 
received by radio is input to the wireless receiving 
device 50 at an approximately constant ratio. However, 
data is read from the memory 53 (FIG. 5) in the wireless 
receiving device 50 in accordance with the time stamp 
added to the TS , on the basis of the clock frequency in 
transmitting. When the intra-frame data is read from the 
memory 53 (FIG. 5), data of 20% of the data amount of one 
GOP is read in a very short period, and the amount of the 
TS data stored in the memory 53 (FIG. 5) decreases 
suddenly, as shown in FIG. 13 (a segment DnDi 2 in the 
period between tn and ti2 and a segment D13D14 in the 
period between ti3 and ti4 in FIG. 13) . The amount of the 
stored data in the memory 53 gradually returns to an 
initial level F 0 over the period of one GOP (a segment 



56 



549122WOT 



D12D13 and a segment D14D15 in FIG. 13). Actually, the 
amount of the TS data stored in the memory 53 (FIG. 5) 
does not change linearly as shown in FIG. 13 (a segment 
D11D12, a segment D12D13, a segment D13D14 , and a segment 
D14D15) , but the straight-line segments are used in the 
third embodiment for ease of understanding the invention. 
When the receiving starts, the wireless receiving device 
50 does not start a data read from the memory 53 (FIG. 5) 
before a predetermined amount of the TS is stored in the 
memory 53 (FIG. 5) , so that the TS stored in the memory 53 
(FIG. 5) does not overflow nor underflow. In the third 
embodiment, the reading of the received TS starts when the 
memory 53 (FIG. 5) stores the TS of a half of the data 
amount of one GOP (F 0 in FIG. 13) . 

In step S3 of FIG. 10, when the amount of the stored 
data in the memory 53 (FIG. 5) exceeds a predetermined 
level, the time counter control circuit 5214 (FIG. 8) in 
the TS data read timing generating circuit 521 (FIG. 6) 
sets the time stamp value added to the first TS as the 
initial value in the time counter 5213 (FIG. 8), and 
outputs a control signal to start counting up for time 
measurement to the time counter 5213 (FIG. 8) (step S4 of 
FIG. 10). In step S4 of FIG. 10, the time counter 5213 
(FIG. 8) in the TS data read timing generating circuit 521 
(FIG. 6) starts counting up, and then the time comparator 
5216 (FIG. 8) outputs a TS read timing signal R 4 . The TS 
read address generating circuit 5227 (FIG. 9) outputs a 
read control signal R 6 for the data of one TS stored in 
the memory 53 (FIG. 5) from the terminal 5223, in 
accordance with the TS read timing signal R 4 (step S5 of 
FIG. 10) . 

The TS read from the memory 53 (FIG. 5) passes the 
bus arbiter circuit 523 (FIG. 6) in the receiving-side 
memory control circuit 52 (FIG. 5) and enters the FIFO 
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memory 5225 (FIG. 9) in the TS memory read control circuit 
522 (FIG. 6). The FIFO memory 5225 (FIG. 9) accommodates 
the delay time of the read data and the like between the 
TS write control signal from the CPU 54 (FIG. 5) and the 
TS read control signal from the TS memory read control 
circuit 522 (FIG. 6) in the bus arbitration by the bus 
arbiter circuit 523 (FIG. 6). In the third embodiment, 
the FIFO memory control circuit 5226 (FIG. 9) outputs such 
a read control signal to the FIFO memory 5225 (FIG. 9) 
that the TS is read from the FIFO memory 5225 (FIG. 9) 
with a predetermined delay, with reference to the TS read 
timing signal R 4 input from the TS data read timing 
generating circuit 521 (FIG. 6) in the receiving-side 
memory control circuit 52 (FIG. 5). The receiving-side 
memory control circuit 52 (FIG. 5) controls writing into 
the FIFO memory 5225 (FIG. 9) in the TS memory read 
control circuit 522 (FIG. 6), with the TS data read 
control signal R 6a (FIG. 9) output from the TS read 
address generating circuit 5227 (FIG. 9) and a data read 
finish signal (not shown in FIG. 9, shown in FIG. 6 as 
signal R 8 ) output from the bus arbiter circuit 523 (FIG. 
6) in the receiving-side memory control circuit 52 (FIG. 
5), that is, a signal indicating that data read from the 
memory 53 (FIG. 5) has finished. The data read finish 
signal (not shown in FIG. 9, shown in FIG. 6 as a signal 
R 8 ) output from the bus arbiter circuit 523 (FIG. 6) is 
used also when the TS read address generating circuit 5227 
(FIG. 9) generates a TS read address. 

When the reading of data of one TS from the memory 
53 (FIG. 5) finishes in step S6 of FIG. 10, the TS read 
address generating circuit 5227 (FIG. 9) in the TS memory 
read control circuit 522 (FIG. 6) checks whether the 
memory 53 (FIG. 5) stores the TS of the next line, on the 
basis of the write address information stored in the TS 



58 



549122WOT 



write address storage circuit 5228 (FIG. 9), and if the TS 
is stored, generates a TS data read control signal R 6 for 
reading the time stamp of the TS of the next line (step S7 
of FIG. 10). If the memory 53 (FIG. 5) does not store the 
TS of the next line, it is assumed that the memory 53 (FIG. 
5) underflows, and the occurrence of underflow is reported 
to the CPU 54 (FIG. 5). In the third embodiment, when the 
occurrence of underflow is reported, the CPU 54 (FIG. 5) 
resets the receiving-side memory control circuit 52 (FIG. 

5) to a predetermined initial state and reexecutes the TS 
receiving (processing starting from step SI of FIG. 10) . 

In step S7 of FIG. 10, when the time stamp of the TS 
of the next line (next TS) is received, the time 
comparator 5216 (FIG. 8) in the TS data read timing 
generating circuit 521 (FIG. 6) compares the time stamp 
signal R 3 and the time count value R 9 output from the time 
counter 5213 (FIG. 8) , and if the time count value Rg 
becomes greater than the input value of the time stamp 
signal R 3 (step S8 of FIG. 10), outputs a TS read timing 
signal R 4 . The TS read address generating circuit 5227 
(FIG. 9) receives the TS read timing signal R 4 and outputs 
a TS data read control signal R 6 (step S5 of FIG. 10) . 

The receiving-side memory control circuit 52 (FIG. 

6) repeats the operation of steps S5 to S8 shown in FIG. 
10 (step S9 surrounded by a broken line) . When the 
reference clock on the receiving side, oscillated by an 
oscillator of the wireless receiving device 50 becomes 
faster than the reference clock on the sending side, 
oscillated by an oscillator of the wireless sending device 
40 (i.e., when the clock frequency on the receiving side 
of the wireless receiving device 50 becomes higher than 
the clock frequency on the sending side of the wireless 
sending device 40), a deviation occurs between the 
reference time on the receiving side (clock frequency on 
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the receiving side) , based on the count value of the time 
counter' 5213 (FIG. 8) , and the reference time on the 
sending side (clock frequency on the sending side) , based 
on the time stamp signal. The third embodiment is 
configured so that the receiving-side memory control 
circuit 52 (FIG. 6) delays the timing to read the TS 
temporarily stored in the memory 53 (FIG. 5) by a period 
based on the deviation. 

Next, the clock regeneration flow in the third 
embodiment will be described with reference to flowcharts 
shown in FIG. 19 and FIG. 23. When the receiving of the 
TS starts, the CPU 54 (FIG. 5) in the wireless receiving 
device 50 identifies the sending device (corresponding to 
the wireless sending device 40), on the basis of the 
header information added to the wireless packet (step S211 
of FIG. 19) . The sending device is identified by either 
or both of the MAC address added to the header information 
of the wireless packet and the device identification 
information (such as an IP address) specific to the 
sending device, for example. When the MAC address or the 
IP address is used as the device identification 
information, the device identification information can be 
obtained without adding new information to the wireless 
packet, allowing the processing load on the wireless 
sending device 40 and the wireless receiving device 50 to 
be reduced and allowing the sending and receiving to be 
performed without applying a load on the communication 
band. 

After the sending device is identified, the CPU 54 
(FIG. 5) checks whether the time correction value 
(previous time correction value) of the identified sending 
device has already been stored in a storage portion of the 
wireless receiving device 50 (such as a part of the memory 
53 or another memory not shown in the figure) , in 
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accordance with the device identification information of 
the sending device (step S212 of FIG. 19). If the time 
correction value (clock jitter correction value) of the 
identified sending device has already been stored in the 
wireless receiving device 50, the CPU 54 (FIG. 5) sets the 
stored time correction value (clock jitter correction 
value) as the initial value in the time correction value 
storage register 5215 (FIG. 8) of the TS data read timing 
generating circuit 521 (FIG. 6) (step S213 of FIG. 19) . A 
table containing threshold control values used in the 
clock jitter correction is also set. ('table = a ' in FIG. 
19). The wireless receiving device 50 of the third 
embodiment has five tables (tableO to table4) , as shown in 
FIG. 24 and FIG. 25. If the table used when the time 
correction value is stored is table4 , a = 3 is set, for 
example, in the third embodiment. If the time correction 
value of the identified sending device is not stored in 
the wireless receiving device 50, the CPU 54 (FIG. 5) sets 
the initial value '0' in the time correction value storage 
register 5215 (FIG. 8) and * table=0 ' (step S214 of FIG. 
19) . , 

If the time correction value (previous time 
correction value obtained from past . data receiving, for 
example) is stored in the wireless receiving device 50, 
the stored previous time correction value is used as the 
initial value for the following reason. The wireless 
receiving device 50 regenerates a clock of the VBR TS . 
The average data transmission rate of the VBR TS is about 
20 Mbps, but the average data transmission rate varies 
greatly in short periods. In a little long period, the 
average data transmission rate is considered to be almost 
constant, and the clock jitter value can be estimated. So, 
the minimum measurement time is set to the period of one 
GOP (about 0.5 seconds) in the third embodiment. Since it 
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takes a very long time to estimate the clock jitter value 
once, the stored previous time correction value is used 
when the clock regeneration starts, if the wireless 
receiving device 50 stores the measurement result obtained 
when the TS was received before (previous time correction 
value) . By doing this, the period until the time 
correction value converges in a predetermined range (time 
required to converge the time correction value in step 
S217 of FIG. 19) can be reduced. When the TS received by 
the MPEG2 decoder is decoded to reproduce the image, the 
video signal can be reproduced without interruption. 

After the initial value is set in the time 
correction value storage register 5215 (FIG. 8) of the TS 
data read timing generating circuit 521 (FIG. 6), the CPU 
54 (FIG. 5) sets the initial value * 0 ' in the integration 
result storage register 5230 (FIG. 9), the TS output count 
register 5232 (FIG. 9), and the measurement time storage 
register 5234 (FIG. 9) of the TS memory read control 
circuit 522 (FIG. 6). At this time, the initial value '0' 
is set in the memory storage data amount integration 
circuit 5229 (FIG. 9), the TS output counter 5231 (FIG. 9), 
and the measurement time counter 5233 (FIG. 9) of the TS 
memory read control circuit 522 (FIG. 6) (step S215 of FIG. 
19) . Further, the CPU 54 sets parameters used to 
calculate the time correction value (hereafter referred to 
as a "clock jitter correction value") to the initial 
values (step S215 of FIG. 19). CONVF in the figure is a 
convergence determination flag. If the clock jitter 
correction value has converged in a stage of calculating 
each clock jitter correction value (each stage), a 
convergence determination flag CONVF is set to % 1' (step 
S85 of FIG. 23). CONV_CNT is the count value of the' 
counter counting how many times continuously difference 
value dCORRECTTM of the clock jitter correction value, 
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which will be described later, enters a predetermined 
convergence range in the stage of calculating each clock 
jitter correction value (step S83 of FIG. 23). n is the 
count value of the counter counting a stop period if the 
operation to calculate the clock jitter correction value 
stops until a sudden change in the TS storage capacity of 
the TS memory 53 (FIG. 5) has converged when the TS rate 
used in another embodiment to be described later changes 
greatly. After the registers are initialized, the CPU 54 
(FIG. 5) measures and sets the initial value (step S16 of 
FIG. 11) . The method of measuring the initial value will 
be described with reference to FIG. 12. 

When the receiving of the TS starts, the measurement 
of the initial value starts. When the initial value is 
measured, the CPU 54 (FIG. 5) checks whether the reading 
of the TS from the memory 53 (FIG. 5) has started (step 
S231 of FIG. 20). When it is confirmed that the reading 
of the TS from the memory 53 (FIG. 5) has started, the CPU 
54 (FIG. 5) sets the time for measuring the initial value 
(initial value measurement time) in an internal timer 
(step S232 of FIG. 20). The initial value measurement 
time is set to 0.5 seconds, which is a period of one GOP, 
for example. The initial value measurement time may be 
set to a period of a plurality of GOPs . 

The CPU 54 (FIG. 5) waits until the initial value 
measurement time set in the timer elapses (step S233 of 
FIG. 20) . After a lapse of the initial value measurement 
time, the CPU 54 (FIG. 5) reads the measurement results 
held in the integration result storage register 5230 (FIG. 
9) , the TS output count register 5232 (FIG. 9) , and the 
measurement time storage register 5234 (FIG. 9) of the TS 
memory read control circuit 522 (FIG. 6) (step S234 of FIG 
20) . Then, the initial value '0' is set in the 
integration result storage register 5230 (FIG. 9), the TS 



63 



549122WOT 



output count register 5232 (FIG. 9), and the measurement 
time storage register 5234 (FIG. 9) (step S235 of FIG. 20). 
The memory storage data amount integration circuit 5229 

(FIG. 9) , the TS output counter 5231 (FIG. 9), and the 
measurement time counter 5233 (FIG. 9) in the TS memory 
read, control circuit 522 (FIG. 6) are also set to the 
initial value '0'. 

The CPU 54 (FIG. 5) calculates an initial value, 
using the register values. To be more specific, a value 
Dio held in the integration result storage register 5230 

(FIG. 9) is divided by a value Bio held in the measurement 
time storage register 5234 (FIG. 9) to obtain an initial 
value MEMSUM (= Di 0 /Bi 0 ) (step S236 of FIG. 20). Then, a 
value Aio held in the TS output count register 5232 (FIG. 
9) of the TS memory read control circuit 522 (FIG. 6) is 
divided by the value Bi 0 held in the measurement time 
storage register 5234 (FIG. 9) to obtain a TS average read 
rate TSRate (= A 10 /B 10 ) (step S237 of FIG. 20). In the 
third embodiment, the memory storage data amount 
integration circuit 5229 (FIG. 9) integrates difference A 
F between reference capacity Fo and the amount of the 
stored data in the memory, as shown in FIG. 13. 
Accordingly, the area of the hatched region in FIG. 13 is 
output as the integral Di 0 from the memory storage data 
amount integration circuit 5229 (FIG. 9) . In the third 
embodiment, the memory storage data amount integration 
circuit 5229 (FIG. 9) integrates difference Af measured 
from the control signal generated by the integral 
measurement time generation counter (not shown) provided 
in the memory storage data amount integration circuit -5229 

(FIG. 9) at constant intervals. Now, the measuring and 
setting of the initial value MEMSUM is completed. In the 
third embodiment, when the memory storage data amount 
integration circuit 5229 (FIG. 9) measures and integrates 
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the number of the TS's stored in the memory 53 (FIG. 5), 
an example of the integrating difference Af measured from 
the control signal generated by the integral measurement 
time generation counter (not shown) provided in the memory 
storage data amount integration circuit 5229 (FIG. 9) at 
constant intervals. The difference Af may also be 
measured from the TS read timing signal output from the TS 
data read timing generating circuit 521 (FIG. 6), for 
example. 

When the measuring and setting of the initial value 
MEMSUM finishes (step S238 of FIG. 20) , the measurement 
time (TIME [table] ) used to calculate the time correction 
value (clock jitter correction value) is set (step S239 of 
FIG. 20). If the time correction value (i.e., the clock 
jitter correction value) of the identified sending device 
has already been stored in the wireless receiving device 
50, the measurement time is set to 4 seconds (table — 3) , 
for example, in the third embodiment. If the time 
correction value of the identified sending device has not 
been stored in the wireless receiving device 50, the 
measurement time is set to 0.5 seconds (table = 0) . If 
the wireless receiving device 50 stores the time 
correction value measured at the last time, the time 
correction value is used to enable a time-corrected stream 
to be transmitted and received from when the video stream 
the sending and receiving start. If the reference clock 
in the wireless sending device 40 and the wireless 
receiving device 50 has a crystal precision (maximum 
frequency deviation of about 100 ppm, for example) , no 
special problem would occur. If the frequency deviation 
is about 1%, PLL in the MPEG2 decoding circuit is not 
taken until the clock jitter correction value is taken 
into a predetermined range, and the image may be corrupted. 
In the third embodiment, the clock jitter correction value 
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is not measured from the beginning, and the previous 
correction result is used, so that the clock jitter 
correction value can be brought to the level of 
convergence immediately after the sending and receiving 
start. In the examples described above, the image can be 
transmitted or received without degradation from the 
beginning . 

In the clock jitter correction, one measurement 
period is very long, as the measurement time of each table 
shown in FIG. 24 indicates. It takes about several tens 
of seconds to several minutes to converge the clock jitter 
correction value (convergence period from tableO to 
tablel) . Accordingly, in order to converge the clock 
jitter correction value early in the stage of tableO, the 
measurement time is usually reduced, and a system gain 
g[table] (a gradient of a straight-line segment in FIG. 
25) used to calculate the clock jitter correction value 
from the measurement result is increased. If the 
measurement time is reduced, a change in the input rate of 
the input TS creates a disturbance, lowering the level of 
stability around the converged value of the clock jitter 
correction value . In other words , control becomes 
sensitive to a change in rate of the input TS . If the 
system gain g[table] used to calculate the clock jitter 
correction is increased, the convergence time is reduced, 
but the stability decreases around the converged value of 
the clock jitter correction value. Accordingly, the third 
embodiment provides a plurality of stages in the 
calculation of the clock jitter correction value, and the 
measurement time, the threshold of convergence 
determination, and the system gain used to calculate the 
clock jitter correction value are selected in each stage 
to reduce the measurement time and to increase gain 
g[table], so that an early convergence is made when the 
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sending and receiving of the TS stream starts between the 
wireless sending device 40 and the wireless receiving 
device 50. When the clock jitter correction value is 
almost converged, the measurement time is increased to 
make the disturbance caused by a change in the TS rate due 
to the VBR and the like smaller and to reduce the system 
gain g[table], so that the system can be stabilized. Now, 
the convergence time in the calculation of the clock 
jitter correction value can be reduced, and the area in 
which the clock jitter correction value has converged 
becomes less prone to a change in the TS rate due to the 
VBR and the like, and the system operation can be 
stabilized . 

In step S239 of FIG. 20, when the setting of the 
measurement time (TIME [ table] ) used in the calculation of 
the time correction value (clock jitter correction value) 
finishes, the calculation of the time correction value 
starts. The CPU 54 (FIG. 5) waits until a predetermined 
measurement time elapses (step S51 of FIG. 21). Like the 
initial value measurement time used when the initial value 
is set (step S232 of FIG. 20), the measurement time in 
step S51 of FIG. 21 is one GOP in the third embodiment. 
After a lapse of the measurement time in step S51 of FIG. 
21, a measurement value MEMSUM measured at the last time 
and an average read rate TSRate are first saved 
temporarily as the previous measurement value PMEMSUM and 
the previous average read rate PTSRate (step S52 of FIG. 
21) . Then, in the same manner as the initial value 
measurement, the CPU 54 (FIG. 5) reads the results of 
measurement held in the integration result storage 
register 5230 (FIG. 9) , the TS output count register 5232 
(FIG. 9), and the measurement time storage register 5234 
(FIG. 9) (step S53 of FIG. 21), then sets the integration 
result storage register 5230 (FIG. 9), the TS output count 
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register 5232 (FIG. 9), and the measurement time storage 
register 5234 (FIG. 9) to the initial value x 0' (step S54 
of FIG. 21) . At this time, the memory storage data amount 
integration circuit 5229 (FIG. 9), the TS output counter 
5231, and the measurement time counter 5233 are also set 
to the initial value y 0'. Then, the CPU 54 (FIG. 5) uses 
register values in the same manner as the initial value 
measurement (step S236 of FIG. 20), and divides a value 
Dio held in the integration result storage register 5230 
(FIG. 9) by a value Bi 0 held in the measurement time 
storage register 5234 (FIG. 9) to obtain a MEMSUM (= 
Dio/Bio) (step S55 of FIG. 21). Then, a value Ai 0 held, in 
the TS output count register 5232 (FIG. 9) of the TS 
memory read control circuit 522 (FIG. 6) is divided by the 
value Bio held in the measurement time storage register 
5234 (FIG. 9) to obtain a TS average read rate TSRate (= 
Aio/Bio) (step S56 of FIG. 21). 

A deviation (difference) between the measurement 
value MEMSUM and the initial value PMEMSUM is calculated 
as expressed below, and the clock jitter value dSUM is 
obtained (step S57 of FIG. 21) . 

dSUM = PMEMSUM - MEMSUM 
The calculated clock jitter value dSUM is used in step S58 
to obtain a clock jitter correction value. The 
calculating flow of the clock jitter correction value in 
the third embodiment will be described with reference to 
FIG. 22. In step S71, the clock jitter value dSUM is used 
to obtain the difference value dCORRECTTM (also referred 
to as a "clock jitter correction difference value" or as a 
"dCORRECTTM value") of the clock jitter correction value 
(step S71 of FIG. 22). To be more specific, the 
expression 

dCORRECTTM = dSUM/TSRate X g [table] 
is used for the calculation. In FIG. 25, the vertical 
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axis represents the clock jitter correction difference 
value (dCORRECTTM value) , and the horizontal axis 
represents the measurement value (dSUM/TSRate) . In the 
figure, the gradient of a straight-line segment 
corresponds to the system gain g [table] of each table. 
When the dCORRECTTM value is calculated, the measurement 
value MEMSUM (PMEMSUM) is divided by the TS average read 
rate TSRate at the time of each measurement, the 
difference between the results is obtained, and the 
deviation dSUM is calculated actually. In the third 
embodiment, if the measurement time is the same, the 
reception TS rate is approximately constant, so the 
average read rate last measured is used as a divisor in 
step S71 for the sake of simplifying the description. 

In the third embodiment, when the dCORRECTTM value 
is calculated, the clock jitter value dSUM is divided by 
the TS average read rate TSRate for the following reason. 
When the memory storage data amount integration circuit 
5229 (FIG. 9) integrates the amount of the stored data in 
the memory 53 (FIG. 5) , the magnitude of the clock jitter 
value to be obtained (corresponding to the integral of the 
hatched region in FIG. 14) varies with when the TS with an 
average data transfer rate of 20 Mbps is received and when 
the TS with an average data transfer rate of 5 Mbps is 
received. The difference is normalized by the TS average 
read rate. After the dCORRECTTM value is calculated, the 
clock jitter correction value corrected before (CORRECTTM 
value) and the clock jitter correction difference value 
currently calculated (dCORRECTTM value) are added to 
obtain a clock jitter correction value (step S72 of FIG. 
22) . The calculated dCORRECTTM value is based on the 
results of control by the time correction value storage 
register 5215 (FIG. 8), and the clock jitter correction 
difference value calculated in the algorithm above is the 
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difference. Accordingly, when the clock jitter correction 
value is set in the time correction value storage register 
5215 (FIG. 8), the clock jitter correction difference 
value calculated above is added to the clock jitter 
correction value which is currently being set. 

Next, with reference to FIG. 14, the clock jitter 
value dSUM will be described in further detail. FIG. 14 
shows an example when the clock frequency on the receiving 
side of the wireless receiving device 50 is higher than 
the clock frequency on the sending side of the wireless 
sending device 40, and the reference clock of the wireless 
receiving device 50 is faster than the reference clock of 
the wireless sending device 40. The actual clock 
frequency deviation depends on the precision of the 
oscillator of the wireless sending device 40 and the 
oscillator of the wireless receiving device 50. If a 
crystal oscillator is used, the maximum clock deviation is 
about ±100 ppm. In FIG. 14, the clock jitter value dSUM 
is exaggerated for ease of understanding (the gradient of 
a segment D 2 iD 2 5a with respect to a segment D 2 iD 2 5 is greater 
than the true gradient) . Since the clock frequency on the 
receiving side of the wireless receiving device 50 is 
higher than the clock frequency on the sending side of the 
wireless sending device 40, so that the time counter 5213 
(FIG. 8) of the wireless receiving device 50 counts up 
faster, decreasing the amount of the TS data stored in the 
memory 53 (FIG. 5) gradually (as indicated by a segment 
D 2 iD 25a in FIG. 14). In this case, the deviation between 
the clock frequency on the receiving side and the clock 
frequency on the sending side clock frequency is constant 
(does not vary with a change in TS input rate or the like) , 
so the hatched part shown in FIG. 14 corresponds to the 
clock jitter value dSUM (value corresponding to the 
difference between the measurement value MEMSUM and the 
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initial value PMEMSUM. 

In the third embodiment, when the clock jitter 
correction value CORRECTTM is calculated, clipping is 
executed in steps S73 to step S76 in such a way that the 
clock jitter correction value CORRECTTM is within a range 
defined by a predetermined value (denoted by s in FIG. 22). 
As has been described above, if the reference clock of the 
wireless sending device 40 and the wireless receiving 
device 50 is generated by a crystal oscillator, the 
maximum value of the clock frequency deviation (clock 
jitter correction value) between the both devices is 
within the maximum clock frequency deviation of the 
crystal used as the oscillator. Therefore, in the third 
embodiment, the clock jitter correction value is 
calculated as shown in the flowchart of FIG. 22. If the 
calculated clock jitter correction value is a value 
exceeding a range of the correction value determined by 
the crystal frequency precision described above, the 
calculated clock jitter correction value is considered to 
be resulting from a cause other than the reference clock 
frequency deviation between the both devices. Therefore, 
the. third embodiment is configured in such a way that the 
clock jitter correction value CORRECTTM is controlled to 
be within a range defined by a predetermined value. In 
this way, by controlling the amplitude of the clock jitter 
correction value CORRECTTM in such a way that the clock 
jitter correction value CORRECTTM is limited to within a 
predetermined range, an effect that the system control 
(clock jitter correction control) of the wireless 
receiving device 50 can be stabilized is obtained. For 
the reason described above, it is checked in step S73 
whether the clock jitter correction value CORRECTTM is 
within a predetermined range (-£ ^ CORRECTTM S e ) , in 
the third embodiment. If the value is within the 
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predetermined range, the operation to calculate the clock 
jitter correction value is finished. If the predetermined 
range is exceeded, whether CORRECTTM is positive is 
checked in step S74. If CORRECTTM is positive, CORRECTTM 
= £ is set, and the operation to calculate the clock 
jitter correction value is finished (step S75 of FIG. 22) . 
If CORRECTTM is negative, CORRECTTM = -e is set, and the 
operation to calculate the clock jitter correction value 
is finished (step S76 of FIG. 22) . 

With the configuration as described above, even if 
an disturbance caused by something other than the 
reference clock frequency deviation between the wireless 
sending device 40 and the wireless receiving device 50 is 
input to the system, extreme clock jitter correction will 
not be carried out by keeping the clock j itter correction 
value CORRECTTM within a range predetermined by the clock 
frequency precision between the devices, and the entire 
system including the MPEG2 decoding circuit can be 
operated with stability. Since clock synchronization does 
not exceed a predetermined level, jitter in the TS stream 
can be suppressed below a predetermined level, and 
overflow or underflow of the memory 53 can be suppressed, 
and the video signal can be decoded by the MPEG2 decoding 
circuit without interruption. When the calculation of the 
clock jitter correction value CORRECTTM finishes, the CPU 
54 (FIG. 5) sets the calculated clock jitter correction 
value CORRECTTM in the time correction value storage 
register 5215 of the TS data read timing generating 
circuit 521 (FIG. 6) (step S59 of FIG. 21) . After the 
clock jitter correction value CORRECTTM is set, the CPU 54 
(FIG. 5) determines whether the clock jitter correction 
value CORRECTTM has converged (step S60 of FIG. 21). 

The flow for determining whether clock jitter 
correction value CORRECTTM has converged in the third 
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embodiment will be described with reference to FIG. 23. 
The CPU 54 (FIG. 5) sets the clock jitter correction value 
CORRECTTM in the time correction value storage register 
5215 of the TS data read timing generating circuit 521 
(FIG. 6) and confirms that the clock jitter correction 
difference valued CORRECTTM is within a predetermined 
range ( | dCORRECTTM | < CONVftable]) (step S81 of FIG. 23). 
FIG. 24 shows thresholds for judging the convergence in 
the stages (CONV [table] ) . In the figure, CRCTML is a 
predetermined constant. As shown in FIG. 24, higher 
stages have lower thresholds (clock jitter correction 
value CORRECTTM is brought to convergence) . As has been 
described in the calculation of clock jitter correction 
value CORRECTTM, one measurement period is very long, such 
as 0.5 seconds in stage 0 (tableO) . In order to converge 
the clock jitter correction value CORRECTTM as early as 
possible, the clock jitter correction value must be 
roughly calculated first, then the precision must be 
improved in the subsequent stages. Especially when the 
clock frequency deviation between the wireless sending 
device 40 and the wireless receiving device 50 is large, 
the clock jitter correction value must converge roughly 
and quickly. Otherwise, when the sending and receiving of 
a video stream starts, the TS jitter cannot be 
sufficiently accommodated for a while (until the clock 
frequency deviation between the wireless sending device 40 
and the wireless receiving device 50 has converged within 
a predetermined range) , the MPEG2 decoding circuit cannot 
provide clock synchronization, and the displayed image 
will be corrupted. Accordingly, the third embodiment is 
configured to determine the convergence in five stages , 
and to increase the precision of convergence of the clock 
jitter value gradually. Since the clock jitter value is 
brought close to the range of convergence roughly and 
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quickly when the sending and receiving start, the period 
in which the MPEG2 decoding circuit cannot provide clock 
synchronization, corrupting the displayed image can be 
minimized. Once the clock jitter correction value has 
converged, clock synchronization can be ensured by a 
stable operation even if disturbance caused by a change in 
TS rate and the like occurs. In the third embodiment, the 
determination of the convergence is controlled in five 
stages, but the present invention is not limited to this 
example. The same effect can be obtained by the number of 
the stages is set to any value other than five, such as 
two, three, and ten. In the third embodiment, different 
parameters are used in the stages, but the same effect can 
be obtained by changing the convergence determination 
conditions from table3 (using the same values in tableO to 
table2) . 

It is determined in step S81 that clock jitter 
correction difference value dCORRECTTM is outside a 
predetermined range, the CPU 54 (FIG. 5) ends the 
operation to determine the convergence, setting a variable 
CONV_CNT to 0 (step S82 of FIG. 23). If it is determined 
in step S81 that clock jitter correction difference value 
dCORRECTTM is within a predetermined range, the CPU 54 
(FIG. 5) adds 1 to CONV_CNT (step S83 of FIG. 23) and 
compares the result with CONV_NUM [ table ] (step S84 of FIG. 
23). If the result does not exceed CONV_NUM [ table ] , the 
convergence determination is finished. If the result 
exceeds CONV_NUM [ table ] , it is considered that the 
convergence has been made, the convergence determination 
flag (CONVF) is set to CONV_CNT is set to y 0', and 

the operation determine the convergence is finished. In 
the third embodiment, if the clock jitter correction 
difference value dCORRECTTM is found to be within the 
predetermined range several times continuously, it is 
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determined that the clock jitter correction value 
CORRECTTM has converged. This eliminates a coincidence in 
which the clock jitter correction difference value 
dCORRECTTM enters the predetermined range because of a 
change in the TS rate or another reason, even if the clock 
jitter correction value CORRECTTM has not converged. With 
this configuration, the convergence of the clock jitter 
correction value CORRECTTM can be determined with 
reliability, and the system can operate with stability. 
In the third embodiment, if the clock jitter correction 
difference value dCORRECTTM is found to be within a 
predetermined range several times continuously, it is 
determined that the clock jitter correction value 
CORRECTTM has converged. The present invention is not 
limited to the example. The same effect can be obtained, 
for example, by determining that the clock jitter 
correction value CORRECTTM has converged when the value is 
calculated within a predetermined threshold range. 

If it is determined that the clock jitter correction 
value CORRECTTM has converged (CONVF = 1) (step S60 of FIG 
21) , the CPU 54 (FIG. 5) adds 1 to the table value and 
sets the convergence determination flag to *0' (step S61 
of FIG. 21). In step S62, the table is compared with a 
predetermined value of j3 ( # = 4 in the third embodiment) 
(step S62 of FIG. 21) . If $ is exceeded, P is set as the 
table value (step S63 of FIG. 21). In the third 
embodiment, 0 becomes 4. When the convergence 
determination is finished, the CPU 54 (FIG. 5) sets the 
measurement time (step S64 of FIG. 21) . After the 
measurement time is set, the CPU 54 (FIG. 5) checks 
whether the stream receiving from the wireless sending 
device 40 is finished. If not, the CPU 54 waits for the 
measurement time to calculate the next clock jitter 
correction value, set in step S64 (step S51 of FIG. 21), 
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then calculates the clock jitter correction value. If the 
stream receiving has finished, it is checked whether the 
stage in which the convergence is determined (table value) 
is y or higher (step S219 of FIG. 19). If the table is 
lower than y, the operation to receive TS is finished. If 
the table is y or higher, the current table value and the 
clock jitter correction value CORRECTTM are stored (step 
S220 of FIG. 19), then the operation to receive TS is 
finished . 

A clock regeneration method using clock jitter 
correction value CORRECTTM will next be described. The 
time counter control circuit 5214 (FIG. 8) in the TS data 
read timing generating circuit 521 (FIG. 6) adds the clock 
jitter correction value CORRECTTM held in the time 
correction value storage register 5215 (FIG. 8) to the 
count value of the time counter 5213 at intervals of a 
predetermined period (at intervals of 100 ms in the third 
embodiment) , to correct the output value of the time 
counter 5213 (FIG. 8). In the example shown in FIG. 14, 
the clock frequency on the receiving side of the wireless 
receiving device 50 is higher than the clock frequency on 
the sending side of the wireless sending device 40, and 
the amount of the stored data in the memory 53 (FIG. 5) is 
decreasing. In this case, the time counter 5213 counts 
down by the clock jitter correction value CORRECTTM once 
in 100 ms (the time is delayed) . By delaying the time by 
the clock jitter correction value CORRECTTM, the operation 
time based on the clock frequency in the wireless 
receiving device 50 can be brought closer to the operation 
time based on the clock frequency in the wireless sending 
device 40 . 

In the wireless receiving device 50 of the third 
embodiment, the time correction value (clock jitter 
correction value) held in the time correction value 
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storage register 5215 (FIG. 8) is added as an offset to 
the count value of the time counter 5213 (FIG. 8) in the 
TS data read timing generating circuit 521 (FIG. 6) at 
constant intervals in clock regeneration (clock jitter 
correction) , so that appropriate clock can be regenerated 
without changing the system clock frequency of the 
wireless receiving device 50. Accordingly, with the 
wireless receiving device 50 of the third embodiment (or 
with the data receiving method of the third embodiment) , 
the clock regeneration for the received TS ' s can be 
independently executed, by storing the TS's sent from a 
plurality of wireless sending devices separately in 
different storage areas of the memory 53 (FIG. 5) , 
providing the time counter 5213 (FIG. 8) corresponding to 
each storage area to use the read timing of each of the 
TS ' s sent from the plurality of wireless sending devices. 

As has been described, with the data receiving 
method of the third embodiment (the wireless receiving 
device 50 of the third embodiment) , even when the VBR TS 
transmitted by radio with jitter is received, the wireless 
sending device 40 and the wireless receiving device 50 can 
be brought into clock synchronization, and the TS can be 
continuously output because the memory 53 (FIG. 5) in the 
wireless receiving device 50 can be controlled without 
underflow or overflow. When an MPEG2 TS is decoded and 
reproduced by the device on the receiving side, the MPEG2 
data can be reproduced without video interruption. 

With the data receiving method of the third 
embodiment (the wireless receiving device 50 of the third 
embodiment) , a single wireless receiving device 50 can 
receive the packet data output from a plurality of data 
sending devices because the receiving-side memory 53 has a 
plurality of storage areas, and data can be output without 
underflow or overflow for the data of each received packet. 
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Since the receiving-side memory 53 has a plurality of 
storage areas, a plurality of streams can be handled by a 
circuit having a simple configuration, enabling the 
circuit size to be suppressed and the power consumption 
and the production cost to be reduced. As has been 
described, the clock jitter value depends on the deviation 
in system clock frequency, the value is almost constant 
for predetermined device. When the clock jitter 
correction value is brought into a predetermined 
convergence range (such as immediately after the receiving 
starts), the gain of the calculation of the clock jitter 
correction value (a gradient of the straight-line segment 
representing a conversion table) is increased to reduce 
the convergence time. After the clock jitter correction 
value is brought into a predetermined convergence range, 
the gain is decreased, and great importance is placed on 
the stability of the system. Now, the time required to 
bring the clock jitter correction value into the 
convergence range can be reduced, and after the clock 
jitter correction value is brought into the convergence 
range, the wireless receiving device 50 can operate with 
stability. In the third embodiment, the measurement time 
is increased to improve the precision of the measurement 
value and enable the wireless receiving device 50 to 
operate with stability after the clock jitter correction 
value has converged. In the third embodiment, the clock 
jitter value has converged, but PLL control or the like is 
not used, so that the clock jitter correction value must 
be continuously updated when data is received. 



Fourth Embodiment 

FIG. 26 is a flowchart showing an operation when the 
clock jitter correction value of the wireless receiving 
device in the fourth embodiment of the present invention. 



78 



549122WOT 



FIG. 27 is a flowchart showing an operation to determine 
convergence when the clock jitter correction value of the 
wireless receiving device in the fourth embodiment is 
calculated. FIG. 28 is a diagram showing an example of 
measurement times used in the correction value calculation 
stages, threshold tables used to determine the convergence, 
and the like in the fourth embodiment. The fourth 
embodiment differs from the third embodiment in that a new 
flow of limiting the correction range of the clock jitter 
correction difference value dCORRECTTM (also referred to 
as a "dCORRECTTM value'') is added. Further, the data 
receiving method of the fourth embodiment is the same as . 
the data receiving method of the third embodiment, except 
for the operation flow in calculating the clock jitter 
correction value and the flow of determining whether the 
clock jitter correction value has converged. To be more 
specific, the third embodiment differs from the fourth 
embodiment in the following two points . 

The first difference is that limits are imposed on 
the amplitude of the dCORRECTTM value calculated when the 
clock jitter correction value is calculated, for the 
following reason. Especially, when the clock jitter is 
calculated, the TS input to the present system does not 
have a CBR (constant bit rate) but has a VBR. For clock 
synchronization of VBR systems, the dCORRECTTM value 
calculated to obtain the clock jitter correction value 
contains a change in TS read rate resulting from the VBR, 
the effect of retransmission control of wireless packet in 
the wireless section, and the like, as well as the clock 
jitter value resulting from the clock frequency deviation 
between the wireless sending device 40 and the wireless 
receiving device 50 (see the hatched part in FIG. 14) . In 
the fourth embodiment, the system is configured to operate 
with higher stability against a factor (disturbance) other 
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than the clock jitter value by imposing limitations on the 
amplitude of the dCORRECTTM value when the clock jitter 
correction value is calculated. Accordingly, even if the 
TS read rates varies with the VBR , changing the dCORRECTTM 
value greatly, the amplitude is limited in a predetermined 
range, so that clock jitter can be corrected without 
departing greatly from the original clock jitter 
correction value . 

The second difference is that an observer OBS is 
introduced into the flow for determining whether the clock 
jitter correction value has converged. In the third 
embodiment, the clock jitter correction value is directly 
used as a convergence determination condition. In the 
fourth embodiment, an observer is introduced to improve 
the precision of convergence determination. To be more 
specific, a filter for extracting a low-frequency 
component of the clock jitter correction value is provided, 
and the filter output is used to determine whether the 
clock jitter correction value has converged. Accordingly, 
whether the clock jitter correction value has converged 
can be determined while the change in the TS read rate due 
to VBR, the wireless packet retransmission control in the 
wireless section, and other effects of disturbance are 
minimized . 

The clock regeneration procedure in the wireless 
receiving device 50 when a wireless packet including a TS 
sent from the wireless sending device 40 of the fourth 
embodiment will be described with reference to FIG". 26 to 
FIG. 28. In the description of the fourth embodiment, FIG. 
1 to FIG. 10, FIG. 13, FIG. 14, FIG. 18 to FIG. 25, which 
are used to describe the third embodiment, are also 
referenced. The same steps in FIGs. 26 and 27 and FIGs . 
22 and 23 are referenced by the same reference marks. In 
the same manner as the third embodiment, when the TS 
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receiving starts, the CPU 54 (FIG. 5) of the wireless 
receiving device 50 identifies the sending device 

(corresponding to the wireless sending device 40) in 
accordance with the header information added to the 
wireless packet (step S211 of FIG. 19) . The sending 
device is identified by either or both of the MAC address 
added to the header information of the wireless packet and 
the device identification information specific to the 
sending device (such as the IP address), for example. 

After the sending device is identified, the CPU 54 

(FIG. 5) in the wireless receiving device 50 checks 
whether a storage device (part of the memory 53 or another 
memory, not shown in the figure, for example) in the 
wireless receiving device 50 already stores the time 
correction value of the sending device identified earlier 

(also referred to as a "previous time correction value"), 
in accordance with the device identification information 
of the sending device (step S212 of FIG. 19) . If the 
wireless receiving device 50 is found to contain the 
previous time correction value (clock jitter correction 
value) in step S212 of FIG. 19, the CPU 54 (FIG. 5) sets 
the stored previous time correction value as the initial 
value in the time correction value storage register 5215 

(FIG. 8) of the TS data read timing generating circuit 521 

(FIG. 6) and sets a to the table value of the correction 
table (i.e.", table = a) (step S213 of FIG. 19). If the 
wireless receiving device 50 does not store the previous 
time correction value (clock jitter correction value) , the 
CPU 54 (FIG. 5) sets the initial value '0' in the time 
correction value storage register 5215 (FIG. 8) in the TS 
data read timing generating circuit 521 (FIG. 6) and sets 
the value y 0' to the table value of the correction table 

(table =0) (step S214 of FIG. 19). Then, the CPU 54 (FIG. 
5) sets the initial value *0' in the integration result 
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storage register 5230 (FIG. 9), the TS output count 
register 5232 (FIG. 9), and the measurement time storage 
register 5234 (FIG. 9) of the TS memory read control 
circuit 522 (FIG. 6) (step S215 of FIG. 19) . At the same 
time, the initial value *0' is set in the memory storage 
data amount integration circuit 5229 (FIG. 9) , the TS 
output counter 5231 (FIG. 9), and the measurement time 
counter 5233 (FIG. 9) of the TS memory read control 
circuit 522 (FIG. 6) . The CPU 54 sets the initial values 
to parameters CONVF , CONV^CNT , and n used to calculate the 
time correction value (step S215 of FIG. 19). CONVF is a 
convergence determination flag. If the clock jitter 
correction value has converged in the calculation of the 
clock jitter correction value stages, the convergence 
determination flag CONVF is set to 4'. C0NV_CNT is a 
count value of the counter counting the number of times 
continuously the difference dCORRECTTM of the clock jitter 
correction value in a predetermine convergence range in 
the clock jitter correction value calculation stages. n 
is a count value of the counter counting a stop period in 
which the clock jitter correction value calculation 
operation is stopped because of a great change in TS rate 
until the great change in the TS storage capacity of the 
memory 53 (FIG. 5) has converged. 

The initial value is measured and set in step S216 
of FIG. 19, taking the procedure shown in FIG. 20. After 
the initial value is set in step S216 of FIG. 19, the CPU 
54 (FIG. 5) starts calculating the clock jitter correction 
value. The operation to calculate the clock jitter 
correction value will be described with reference to FIG. 
21. After the measurement time used when the clock jitter 
correction value is calculated is set in step S239 (see 
FIG. 20), the. CPU 54 (FIG. 5) waits until the 
predetermined measurement time elapses (step S51 of FIG. 
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21). After a lapse of the measurement time in step S51, 
the measurement value MEMSUM and the average read rate 
TSRate measured at the last time in step S52 are saved in 
PMEMSUM and PTSRate . Then, in step S53 , the CPU 54 (FIG. 
5) reads the results of measurement held in the 
integration result storage register 5230 (FIG. 9), the TS 
output count register 5232 (FIG. 9) , and the measurement 
time storage register 5234 (FIG. 9), and sets the initial 
value *0' in the integration result storage register 5230 
(FIG. 9) , the TS output count register 5232 (FIG. 9) , and 
the measurement time storage register 5234 (FIG. 9) in 
step S54. At the same time, the initial value *0' is set 
also in the memory storage data amount integration circuit 
5229 (FIG. 9), the TS output counter 5231, and the 
measurement time counter 5233. The CPU 54 (FIG. 5) then 
calculates the measurement value MEMSUM and the average 
read rate TSRate, using the register values, taking the 
procedure described in the third embodiment (steps S55 and 
S56 of FIG. 21) . 

In step S57, the deviation (difference) between the 
measurement value MEMSUM and the initial value PMEMSUM is 
calculated, and clock jitter value dSUM is calculated. 
With the clock jitter value dSUM calculated in step S58, 
the clock jitter correction value CORRECTTM is calculated. 
The calculation flow of the clock jitter correction value 
in the fourth embodiment will be described with reference 
to FIG. 26. In the same manner as the third embodiment, 
the clock jitter value dSUM is used to calculate the clock 
jitter correction difference value dCORRECTTM in step S71. 
The CPU 54 (FIG. 5) finishes the calculation of the clock 
jitter correction difference value dCORRECTTM and compares 
the absolute value of the amplitude with constant 
dCRCTLIM [table] in step S91. If the absolute value 
exceeds dCRCTLIM [ table ] , the amplitude is limited. To be 
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more specific, if clock jitter correction difference value 
dCORRECTTM is positive in step S92 
dCERRECTTM = dCRCTLIM [ table ] 

(step S93 of FIG. 26). If the clock jitter correction 
difference value dCORRECTTM is negative, 
dCERRECTTM = -dCRCTLIM [ table ] 

(step S94 of FIG. 26) . 

The reason is as follows: As has been described 
above, the calculation of the clock jitter correction 
difference value dCORRECTTM contains a change in the TS 
read rate due to VBR , the effect of wireless packet 
retransmission control in the wireless section, and the 
like as well as the clock jitter value resulting from the 
clock frequency deviation between the wireless sending 
device 40 and the wireless receiving device 50 (see the 
hatched part in FIG. 14) . When the clock jitter 
correction value is calculated, the system must be 
operated with stability against disturbance other than the 
clock jitter value. Accordingly, the clock jitter 
correction value will not depart greatly from a 
predetermined range in the fourth embodiment even if a 
great external disturbance is input, because the 
correction range of the clock jitter correction value is 
limited by imposing limitations on the amplitude of the 
clock jitter correction difference value dCORRECTTM. 
Since the clock jitter correction value can be kept in a 
range set in each convergence determination stage, the 
system can operate with stability. The dCRCTLIM [ table ] 
value is varied in the convergence determination stages, 
so that clock jitter value dSUM can converge early 
immediately after the TS receiving starts, and the clock 
jitter correction value can be kept in a predetermined 
range in the converged stage even if a great disturbance 
is input. 
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When the calculation of clock jitter correction 
difference value dCORRECTTM is completed, the clock jitter 
correction value corrected before and the currently 
calculated clock jitter correction difference value 
dCORRECTTM are added to obtain a clock jitter correction 
value (step S72 of FIG. 26). Since the calculated clock 
jitter correction difference value is a result of control 
by the time correction value storage register 5215 (FIG. 
8), the clock jitter correction difference value 
calculated in the algorithm above is a difference. 
Therefore, when the clock jitter correction value is set 
in the time correction value storage register 5215 (FIG. 
8), the calculated clock jitter correction difference 
value is added to the current clock jitter correction 
value . 

In the same manner as the third embodiment, when the 
clock jitter correction value is calculated in the fourth 
embodiment, clipping is executed in steps S73 to S76 in 
such a way that the clock jitter correction value 
CORRECTTM is within a range defined by a predetermined 
value (denoted by t in FIG. 26) . To be more specific, it 
is checked in step S73 whether the CORRECTTM value is 
within a predetermined range (-£ ^ CORRECTTM S s). If 
the CORRECTTM value is within the predetermined range, the 
operation to calculate the clock jitter correction value 
is finished. On the other hand, if the CORRECTTM value 
exceeds the predetermined range, it is checked in step S74 
whether the CORRECTTM value is positive. If the CORRECTTM 
value is positive, CORRECTTM = f is set, and the operation 
to calculate the clock jitter correction value finishes 
(step S75 of FIG. 26). If the CORRECTTM value is negative, 
CORRECTTM = -f is set, and the operation to calculate the 
clock jitter correction value finishes (step S76 of FIG. 
26). When the calculation of the clock jitter correction 
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value (CORRECTTM value) is finished, the CPU 54 (FIG. 5) 
sets the above-mentioned calculated clock jitter 
correction value in the time correction value storage 
register 5215 of the TS data read timing generating 
circuit 521 (FIG. 6) (step S59 of FIG. 21) . When the 
setting of the clock jitter correction value is finished, 
the CPU 54 (FIG. 5) determines whether the clock jitter 
correction value has converged (step S60 of FIG. 21) . 

The procedure for determining whether the clock 
jitter correction value has converged in the fourth 
embodiment will be described with reference to FIG. 27 and 
FIG. 28. In the fourth embodiment, the observer OBS is 
used to determine whether the clock jitter correction 
value has converged, as has been described above. To be 
more specific, the calculated clock jitter correction 
value is input to a low-pass filter having a comparatively 
great time constant, and the low-frequency component is 
extracted. The extracted low- f requency component of the 
clock jitter correction value is used to determine the 
convergence in each convergence stage. The procedure for 
determining convergence in the fourth embodiment with 
reference to the flowchart shown in FIG. 27. The CPU 54 
(FIG. 5) sets the clock jitter correction value in the 
time correction value storage register 5215 of the TS data 
read timing generating circuit 521 (FIG. 6), and then 
determines convergence in accordance with the procedure 
for determining the convergence shown in FIG. 26. When 
the convergence determination is made, the observer OBS 
measured at the last time in step S101 is saved as POBS . 
Immediately after the TS receiving starts, the observer 
OBS is not calculated, and y Q' is entered as POBS. In the 
determination of convergence of the clock jitter 
correction value using the observer OBS in the fourth 
embodiment, the low- frequency component of the clock 
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jitter correction value is extracted to determine the 
convergence,, as has been described above. Accordingly, in 
the fourth embodiment the convergence of the clock jitter 
correction value is not determined a predetermined number 
of times immediately after the TS receiving starts, and 
just the low-frequency component of the clock jitter 
correction value is extracted (step S102 of FIG. 27) . 

If the clock jitter correction is not completed the 
number of times (e.g., ten times) more than that set in 
step S102, the operation to determine whether the clock 
jitter correction value has converged is skipped in step 
S102. If it is determined in step S102 that the clock 
jitter correction fails more than a predetermined number 
of times (e.g. , ten times) , the CPU 54 (FIG. 5) checks in 
step S104 whether the processing is first processing after 
initialization. If the processing is first processing 
after initialization, the CORRECTTM value is substituted 
into the observer OBS as the initial value (step S105 of 
FIG. 27). If the processing is not immediately after 
initialization, the observer OBS is calculated to extract 
the low-frequency component of the clock jitter correction 
value, as given below (step S106 of FIG. 27) . 

OBS = 0.99 * OBS + 0.01 * CORRECTTM 
The processing is repeated a predetermined number of times 
to finish the initialization of the observer OBS. Then, 
the processing to determine whether the clock jitter 
correction value has converged starts (step S102 of FIG. 
27) . 

After OBS is initialized, the CPU 54 (FIG. 5) 
calculates the observer OBS in step S103. In the fourth 
embodiment, the time constant used to calculate the 
observer OBS in step S106 matches the time constant used 
to calculate the observer OBS in step S103. However, the 
same effect can be obtained even if the time constant in 
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step S106 is smaller than the time constant in step S103. 
In the fourth embodiment, the convergence stages uses the 
same time constant in step S103, as shown in FIG. 27. 
However, the same effect can be obtained even if the 
convergence determination stages use increasing time 
constants in the calculation of the observer OBS . 

When the calculation of the observer OBS is finished 
in step S103, the CPU 54 (FIG. 5) checks whether | OBS - 
POBS | is within a predetermined range (OBSCONV [ table ] ) 
(step S107 of FIG. 27). FIG. 28 shows the convergence 
determination thresholds (OBSCONV [ table ] ) in the stages. 
In the figure, OBSCRCTML is a predetermined constant. As 
shown in the figure, higher stages have lower thresholds 
(bringing the clock jitter correction value into 
convergence) , in the same manner as the third embodiment. 
In the fourth embodiment, the parameters of the stages are 
set as shown in FIG. 28, but other parameters may also be 
used . 

If | OBS - POBS | is found to be beyond a 
predetermined range in step S107, the CPU 54 (FIG. 5) sets 
the variable CONV_CNT to 0 and finished the convergence 
determination operation (step S82 of FIG. 27). If | OBS - 
POBS I is within the predetermined range,. the CPU 54 (FIG. 
5) adds 1 to CONV_CNT (step S83 of FIG. 27) and compares 
the result with CONV_NUM [ table ] (step S84 of FIG. 27) . If 
the result does not exceed CONV__NUM [ table ] , the 
convergence determination is finished. If the result 
exceeds CONV_NUM [table] , it is determined that the 
convergence has been made. With the convergence 
determination flag (CONVF) set to 1 and CONV_CNT set to 0, 
the convergence determination operation is finished. In 
the fourth embodiment, if I OBS - POBS I enters the 
predetermined range several times continuously, it is 
determined that the clock jitter correction value has 
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converged, in the same manner as the third embodiment. 

If it is determined that the clock jitter correction 
value has converged (CONVF = 1) (step S60 of FIG. 21), the 
CPU 54 (FIG. 5) adds '1' to the table value and sets the 
convergence determination flag to '0' (step S61 of FIG. 
21). In step S62 , the table value is compared with the 
predetermined value P (M' in the third embodiment) (step 
S62 of FIG. 21) . If 0 is exceeded by the table value, the 
table value is set to 0 (step S63 of FIG. 21) . In the 
fourth embodiment, 0 is 4 . When the convergence 
determination is finished, the CPU 54 (FIG. 5) sets the 
measurement time (step S64 of FIG. 21) . After the 
measurement time is set, the CPU 54 (FIG. 5) detects 
whether the stream receiving from the wireless sending 
device 40 has ended. If the stream receiving has not 
ended, the CPU waits until the measurement time set to 
calculate the next clock jitter correction value in step 
S64 elapses (step S51 of FIG. 21) and calculates the clock 
jitter correction value again. If the stream has ended, 
it is checked whether the convergence determination stage 
(table value) is y or greater (step S219 of FIG. 19). If 
y is not exceeded, the TS receiving operation is finished. 
If y is exceeded, the current table value and the clock 
jitter correction value are stored (step S220 of FIG. 19) , 
and the TS receiving operation is finished. The clock 
regeneration method using the clock jitter correction 
value is the same as the third embodiment, and will not be 
described here again. 

In the fourth embodiment, the clock jitter 
correction value is calculated, and the convergence of the 
clock jitter correction value is determined, as described 
earlier. In the calculation of the dCORRECTTM value, 
because the correction range of the clock jitter 
correction value is limited, the clock jitter correction 
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value will not depart greatly from a predetermined range 
even if a great external disturbance is input. 
Accordingly, the clock jitter correction value can be kept 
within a range predetermined in each convergence 
determination stage, and the system can operate with 
stability. In the convergence determination of the clock 
jitter correction value, because an observer is introduced 
as described earlier, a wrong convergence determination of 
the clock jitter correction value will not be made even if 
a great external disturbance is input, and the system can 
be controlled with higher stability (control precision can 
be improved) . To be more specific, the low-frequency 
component extracted from the clock jitter correction value 
is used to determine whether the clock jitter correction 
value has converged, so that the convergence of the clock 
jitter correction value can be determined while a change 
in TS read rate due to VBR, the effect of wireless packet 
retransmission control in the wireless section, and the 
like are minimized. 

With the data receiving method of the fourth 
embodiment, because clock synchronization between the 
wireless sending device 40 and the wireless receiving 
device 50 can be stabilized, the TS can be continuously 
output without underflow or overflow even if the VBR TS 
transmitted by radio with jitter is received. Accordingly, 
when an MPEG2 TS is decoded and reproduced by an apparatus 
on the receiving side, the MPEG2 data can be reproduced 
without video interruption. 

Fifth Embodiment 

FIG. 29 is a flowchart showing an operation of the 
wireless receiving device 50 in the fifth embodiment of 
the present invention when the clock jitter correction 
value is calculated. The fifth embodiment differs from 
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the third embodiment in that a new flow is employed to add 
an offset to the clock jitter correction value in 
accordance with the amount of the stored TS in the memory 
53 (FIG. 5) and to keep the control target value in a 
predetermined range when the clock jitter correction is 
made. With this configuration, the clock jitter 
correction can be made with higher stability even after 
the clock jitter correction value has converged. The 
principle of the fifth embodiment will be briefly 
described below with reference to FIG. 14. FIG. 14 shows 
an example in which a clock frequency on the receiving 
side of the wireless receiving device 50 is higher than a 
clock frequency on the sending side of the wireless 
sending device 40, and a reference clock of the wireless 
receiving device 50 is faster than a reference clock of 
the wireless sending device 40. As shown in the figure, 
in the calculation of the clock jitter correction value, 
the average number of the TS ' s temporarily stored in the 
memory 53 (FIG. 5) gradually decreases until the clock 
jitter correction value has converged. Further, if a 
clock frequency on the receiving side of the wireless 
receiving device 50 is lower than a clock frequency on the 
sending side of the wireless sending device 40, the 
average number of the TS's temporarily stored in the 
memory 53 (FIG. 5) gradually increases. 

Therefore, in the example shown in FIG. 14, the 
clock jitter correction value has converged with the 
maximum value of the amount of the TS temporarily stored 
in the memory 53 (FIG. 5) set in a position lower than a 
position of Fo shown in the figure. Accordingly, when the 
average rate of the input TS suddenly changes (for example, 
when the input stream changes from an HD stream to an SD 
stream) , the memory 53 (FIG. 5) underflows. This, occurs 
because just the deviation between PMEMSUM and MEMSUM is 
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used to calculate the clock jitter correction difference 
value (also referred to as a * dCORRECTTM value") , and the 
average number of the TS's stored in the memory 53 (FIG. 
5) when the clock jitter correction value has converged is 
in an off-center position of the memory. In the third 
embodiment, after the clock jitter correction value has 
converged, an offset is forced to be added to the clock 
jitter correction value to bring the average number of the 
TS's stored in the memory 53 (FIG. 5) to a center of the 
memory, so that the clock jitter correction value can be 
calculated to accommodate a change in the average rate of 
the input TS . 

The calculation flow of the clock jitter correction 
value will be described below with reference to the 
flowchart shown in FIG. 29. The fifth embodiment differs 
from the third embodiment just in the calculation flow of 
clock jitter shown in FIG. 29 (FIG. 22 in the third 
embodiment) . Therefore, the same operation as that in the 
third embodiment will not be described in detail . After 
the initial value is measured and set in step S216 (FIG. 
19), the CPU 54 (FIG. 5) starts the operation to correct 
the clock jitter. When the clock jitter correction 
starts, the CPU 54 first waits in, step S51 (FIG. 21) until 
the measurement time elapses. After a lapse of the 
measurement time, the CPU 54 (FIG. 5) saves a measurement 
value MEMSUM and an average read rate TSRate temporarily 
as PMEMSUM and PTSRate, reads the measurement results held 
in the integration result storage register 5230 (FIG. 9) , 
the TS output count register 5232 (FIG. 9) , and the 
measurement time storage register 5234 (FIG. 9) , then sets 
the integration result storage register 5230 (FIG. 9), the 
TS output count register 5232 (FIG. 9) , and the 
measurement time storage register 5234 (FIG. 9) to the 
initial value x 0'. At this time, the CPU 54 (FIG. 5) sets 
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the memory storage data amount integration circuit 5229 

(FIG. 9), the TS output counter 5231, and the measurement 
time counter 5233 to the initial value x 0'. Then, the CPU 
54 (FIG. 5) calculates the measurement value MEMSUM, the 
average read rate TSRate , and the clock jitter value dSUM, 
and then calculates the clock jitter correction value 

(steps S52 to S58 of FIG. 21) . 

When the calculation of the clock jitter correction 
value starts, the CPU 54 (FIG. 5) confirms in step Sill 

(FIG. 29) whether the currently used convergence 
determination table is 4 (i.e., table =4). If the 
correction table (table value) is smaller than 4, the 
clock jitter correction value is calculated in step S116, 
taking the calculation flow of the clock jitter correction 
value CORRECTTM shown in FIG. 22, which was described in 
the third embodiment. On the other hand, if the currently 
used convergence determination table is found to be 4 in 
step Sill, it is determined whether the measurement value 
MEMSUM exceeds a predetermined level (the upper limit of 
the MEMSUM value) (step S112 of FIG. 29) . If the 
measurement value MEMSUM exceeds the predetermined level 

(the upper limit of the MEMSUM value) , a predetermined 
value (COMPTM) is added to the current CORRECTTM value and 
the operation to calculate the clock jitter correction 
value is finished (step S113 of FIG. 29) . If an offset 
value is forced to be added to the CORRECTTM value in step 
S113 when the previous CORRECTTM value is calculated 
through the routine, the CORRECTTM value is directly 
output as it is (this flow is not shown in the figure) . 

On the other hand, when the measurement value MEMSUM 
is found to be lower than a predetermined level (the upper 
limit of the MEMSUM value) in step S112, whether the 
measurement value MEMSUM is lower than another 
predetermined level (the lower limit of the MEMSUM value) 
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is checked in step S114. If the value is lower than the 
predetermined level (the lower limit of the MEMSUM value) , 
a predetermined value (COMPTM) is subtracted from the 
current CORRECTTM value, and the operation to calculate 
the correction value is finished (step S115) . If an 
offset value is added to the CORRECTTM value through this 
routine in the previous CORRECTTM calculation, the 
CORRECTTM value is directly output as it is (this flow is 
not shown in the figure) . If the measurement value MEMSUM 
is found to exceed a predetermined level (the lower limit 
of the MEMSUM value) in step S114, the clock jitter 
correction value is calculated in step S116, taking the . 
calculation flow of the clock jitter correction value 
shown in FIG. 22, which was used to describe the third 
embodiment. In the fifth embodiment, when the clock 
jitter correction value is calculated in step S116, if an 
offset is forced to be added to the CORRECTTM value in 
step S113 or step S115 in the previous clock jitter 
correction value calculation, the offset value is 
subtracted from the CORRECTTM value, unlike step S72 shown 
in FIG. 22, in which the dCORRECTTM value is added to the 
current CORRECTTM value. In the first stage to return to 
the normal flow for calculating the clock jitter 
correction value, the calculation of the clock jitter 
correction value is masked, and the added offset value is 
added to the current CORRECTTM value, so that there is an 
effect that the offset value added to the converged 
CORRECTTM value will not become a disturbance, and the 
system control can be controlled with stability. 

In the fifth embodiment, when the clock jitter 
correction value is calculated, the procedure shown in FIG. 
29 is taken. If the clock jitter correction value has 
converged, an offset of the clock jitter correction value 
is forced to be added to bring the average number of the 
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TS's stored in the memory 53 (FIG. 5) to a center of the 
memory. Therefore, there is an effect that a clock jitter 
correction value calculation can be controlled (without 
memory underflow or overflow) to accommodate a change in 
the average rate of the input TS . Further, in the fifth 
embodiment, a case where an offset is forced to be added 
when table = 4 has been described, but the present 
invention is not limited to this case. The same effect 
can be provided by determining the threshold of the 
measurement value MEMSUM in each convergence determination 
stage and conducing the operation described above in each 
convergence stage . 

Sixth Embodiment 

FIG. 30 is a flowchart showing an operation of the 
wireless receiving device in the sixth embodiment of the 
present invention when a clock jitter correction value is 
calculated. The sixth embodiment differs from the third 
embodiment in that a flow for monitoring a TS read rate, 
and if the TS read rate varies greatly, masking the 
calculation of the clock jitter correction value and the 
determination of the convergence of the clock jitter 
correction value is added. As has been described above, 
in the third embodiment, if a broadcast program changes, 
changing the received stream from an HD stream (20 Mbps) 
to an SD stream (6 Mbps) , the measurement value MEMSUM 

(also referred to as a "MEMSUM value") changes greatly. 
This change does not result from the clock jitter value 
but results from the change in the average read rate of 
the received stream. Therefore, if the control is made in 
accordance with the flow indicated in the third embodiment 

(FIG. 21), the clock jitter correction value departs 
greatly. Accordingly, in the sixth embodiment, attention 
is directed to the change in the measured average TS rate. 
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If the rate varies greatly, the operation to calculate the 
clock jitter correction value is masked, so that the 
system can operate with stability. 

The calculation flow of the clock jitter correction 
value will be described below with reference to the 
flowchart shown in FIG. 30. The sixth embodiment differs 
from the third embodiment just in the calculation flow of 
the clock jitter correction value shown in FIG. 30 (FIG. 
21 in the third embodiment) . The operation in the sixth 
embodiment that is the same as the operation in the third 
embodiment will not be described in detail. After the 
initial value is measured and set in step S216 (FIG. 19) , 
the CPU 54 (FIG. 5) starts the operation to correct clock 
jitter. After the clock jitter correction operation 
starts, the CPU 54 waits in step S51 (FIG. 21) until the 
measurement time elapses. After a lapse of the 
measurement time, the CPU 54 (FIG. 5) saves a measurement 
value MEMSUM and an average read rate TSRate temporarily 
as PMEMSUM and PTSRate, reads the results of measurement 
held in the integration result storage register 5230 (FIG. 
9) , the TS output count register 5232 (FIG. 9) , and the 
measurement time storage register 5234 (FIG. 9), then sets 
the integration result storage register 5230 (FIG. 9), the 
TS output count register 5232 (FIG. 9), and the 
measurement time storage register 5234 (FIG. 9) to the 
initial value '0'. Also, the memory storage data amount 
integration circuit 5229 (FIG. 9), the TS output counter 
5231, and the measurement time counter 5233 are also set 
to the initial value *0'. Next, the CPU 54 (FIG. 5) 
calculates the measurement value MEMSUM, the average read 
rate TSRate, and the clock jitter value dSUM to calculate 
a correction value (steps S52 to S57 of FIG. 30) . 

After the calculation of the clock jitter value dSUM 
is finished, the CPU 54 (FIG. 5) checks in step S121 (FIG. 
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30) whether the TS rate has varied greatly. If the 
average TS rate is found to vary greatly, '0' is set to n 
in step S123. On the other hand, if no great change has 
been found, the value of n is incremented by *1' (step 
S122 of FIG. 30) . It is checked in step S124 whether n 
has exceeded a predetermined level (N) . If n exceeds a 
predetermined value N, step S58 and subsequent steps for 
calculating the clock jitter correction value are executed. 
On the other hand, if n does not exceed the predetermined 
value N, the calculation flow of the clock jitter 
correction value is skipped, and the calculation flow of 
the clock jitter correction value is finished. 

In the sixth embodiment, the calculation flow of the 
clock jitter correction value is controlled as described 
above, and even if the TS read rate varies greatly, the 
calculation of the clock jitter correction value and the 
determination of the convergence of the clock jitter 
correction value are masked. Therefore, there is an 
effect that the clock jitter correction value will not 
depart greatly and the system can operate with stability, 
even if a broadcast program changes, changing the 
reception stream from an HD stream (20 Mbps) to an SD 
stream (6 Mbps) . In the sixth embodiment, after a TS rate 
varies greatly, the clock jitter value correction is 
masked a predetermined number of times for the following 
reason. The received TS is read from the memory 53 (FIG. 
5) in accordance with the time stamp information added to 
the beginning of the TS . If the average read rate of the 
TS varies greatly, the control point in the memory 53 
changes, as described in the fifth embodiment. Therefore, 
in the sixth embodiment, the device is configured so that 
if the received TS rate varies greatly in the sixth 
embodiment, the calculation of the clock jitter correction 
value is masked until the control point in the memory 53 
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is stabilized and the system can operate with stability. 

In the sixth embodiment, a change in the received TS 
rate is calculated from a change in the number of the TS's 
read from the TS output count register 5232, but the 
present invention is not limited to this. A TS input 
counter for counting the number of the TS's input to the 
memory 53 may be provided, and the received TS rate may be 
determined from the count value of the TS input counter. 
There is an effect that since a change in the received TS 
rate can be detected, any great change in the received TS 
rate can be detected and the system can operate with 
stability by masking the calculation of the clock jitter 
correction value until the control point in the memory 53 
is stabilized. A change in the received TS rate occurs 
not only in the example described above. The received TS 
rate changes greatly also when a D-VHS device is switched 
from a normal play mode to a fast play mode. There is an 
effect that even in such case, the system can operate with 
stability through the above described control. 

Seventh Embodiment 

FIG. 31 is a flowchart showing an operation of a 
wireless receiving device in the seventh embodiment of the 
present invention when the clock jitter correction value 
is calculated. The seventh embodiment differs from the 
third embodiment (FIG. 21) in that a flow, in which the 
remaining memory amount integral difference (clock jitter 
value dSUM) is monitored, and if the clock jitter value 
dSUM varies greatly, the calculation of the clock jitter 
correction value and the determination of the convergence 
of the clock jitter correction value are masked, is added. 
As has been described above, if a broadcast program 
changes, changing the received stream from an HD stream 
(20 Mbps) to an SD stream (6 Mbps) , a measurement value 
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MEMSUM (also referred to as a "MEMSUM value") varies 
greatly. This change does not result from the clock 
jitter value but results from a change in the average read 
rate of the received stream. Accordingly, in the seventh 
embodiment, the clock jitter value dSUM is used to detect 
a change in the average TS rate of the received stream. 
(In the sixth embodiment, the received TS rate is used.) 

The calculation flow of the clock, jitter correction 
value will be described below with reference to the 
flowchart shown in FIG. 31. The seventh embodiment 
differs from the sixth embodiment just in the mask flow 
for masking the clock jitter correction shown in FIG. 31 
(FIG. 30 in the sixth embodiment) . Therefore, the same 
parts as in the sixth embodiment will not be described in 
detail. After the initial value is measured and set in 
step S216 (FIG. 19), the CPU 54 (FIG. 5) starts the 
operation to correct the clock jitter. After the clock 
jitter correction operation starts, the CPU 54 waits in 
step S51 (FIG. 21) until the measurement time elapses. 
After a lapse of the measurement time, the CPU 54 (FIG. 5) 
saves a measurement value MEMSUM and an average read rate 
TSRate temporarily, reads the results of measurement held 
in the integration result storage register 5230 (FIG. 9), 
the TS output count register 5232 (FIG. 9), and the 
measurement time storage register 5234 (FIG. 9), and then 
sets the integration result storage register 5230 (FIG. 9) , 
the TS output count register 5232 (FIG. 9), and the 
measurement time storage register 5234 (FIG. 9) to the 
initial value '0'. The memory storage data amount 
integration circuit 5229 (FIG. 9), the TS output counter 
5231, and the measurement time counter 5233 are also set 
to the initial value x 0'. Next, the CPU 54 (FIG. 5) 
calculates the measurement value MEMSUM, the average read 
rate TSRate, and the clock jitter value dSUM to calculate 
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a correction value (steps S52 to S57 of FIG. 31). 

After the calculation of the clock jitter value dSUM 
is finished, the CPU 54 (FIG. 5) checks in step S131 (FIG. 
31) whether the clock jitter value dSUM varies greatly. 
If the clock jitter value dSUM is found to vary greatly, 
* 0 ' is set to n in step S133. On the other hand, if no 
great change is found, the value of n is incremented by 
*1' (step S132 of FIG. 31). It is checked in step S134 
whether n exceeds a predetermined level N. If n exceeds 
the predetermined level N, a step 58 and subsequent steps 
for calculating the clock jitter correction value are 
executed. On the other hand, if n does not exceed the 
predetermined level N, the calculation flow of the clock 
jitter correction value is skipped, and the operation to 
calculate the clock jitter correction value is finished. 

In the seventh embodiment, since the calculation 
flow of the clock jitter correction value is controlled as 
described above, even if the clock jitter value dSUM (TS 
read rate) varies greatly, the calculation of the clock 
jitter correction value and the determination of the 
convergence of the clock jitter correction value are 
masked. Therefore, there is an effect that if a broadcast 
program changes, changing the received stream from an HD 
stream (20 Mbps) to an SD stream (6 Mbps) , the clock 
jitter correction value will not depart greatly, and the 
system can operate with stability. In the seventh 
embodiment, the clock jitter value correction is masked a 
predetermined number of times after the clock jitter value 
dSUM varies greatly, in the same manner as the sixth 
embodiment for the following reason. The received TS is 
read from the memory 53 (FIG. 5) in accordance with the 
time stamp information added to the beginning of the TS . 
Therefore, if the TS average read rate varies greatly, the 
control point in the memory 53 changes, as has been 
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described in the sixth embodiment. Accordingly, in the 
seventh embodiment, if the received TS rate varies greatly, 
the calculation of the clock jitter correction value is 
masked until the control point is stabilized in the memory 
53, so that the system can operate with stability. 

In the seventh embodiment, the operation to 
calculate the clock jitter correction value is masked in 
accordance with the amplitude of the clock jitter value 
dSUM, but the present invention is not limited to this. 
For example, there is an effect that if the calculation of 
the clock jitter correction value is masked a 
predetermined number of times when the overflow or 
underflow of the memory 53 (FIG. 5) is detected during the 
calculation of the clock jitter correction value, as shown 
in the operation flow (steps S141 to S144) in FIG. 32, the 
clock jitter correction value will not depart greatly, and 
the system can operate with stability. Especially, there 
is an effect that in a case where the clock jitter 
correction value has already converged, even when a great 
change in the received TS rate occurs (for example, when a 
D-VHS device switches from a normal play mode to a fast 
play mode, the TS receiving may be interrupted for several 
seconds) , the clock jitter correction value is not 
departed greatly and the system can operate with stability. 

Modifications 

In the first to seventh embodiments, a 188-byte TS 
is transmitted with a 4-byte time stamp added to its head, 
as shown in FIG. 4. However, the application of the data 
receiving device (wireless receiving device) and the data 
receiving method of the present invention is not limited 
to the described one. For example, a 2-byte time stamp 
may be added. Also, a Reed-Solomon code or another type 
of error correction may be added after the 192-byte data 
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shown in FIG . 4 in order to correct a random error that 
can occur in wireless transmission. Further, the error 
correction code may be added to just the TS or may be 
added to each of the time stamp and the TS . 

Further, in the first to seventh embodiments, a 
predetermined number of the time-stamped TS's (seven TS's) 
are collected to form a wireless packet in order to 
minimize overhead in the wireless section when the TS is 
transmitted by radio. However, the application of the 
data receiving device (wireless receiving device) and the 
data receiving method of the present invention is not 
limited to the described one. Eight or more TS's may be 
collected to form a wireless packet. Also, six or less 
TS's may be collected to form a wireless packet. 
Furthermore, the transmission packet length may be varied 
with the packet error ratio of the wireless section. For 
example, when the packet error ratio is high, the wireless 
packet length may be increased to minimize overhead by 
retransmission control. This enables efficient TS sending 
and receiving. 

Furthermore, in the first to seventh embodiments, 
the wireless receiving device 50 handles up to two TS's. 
However, the application of the data receiving device 
(wireless receiving device) and the data receiving method 
of the present invention is not limited to the described 
one. Three or more TS's may be handled simultaneously. 
When the wireless receiving device 50 handles three or 
more TS's, as many storage areas as the maximum number of 
the TS's to be handled are allocated in the memory 53 (FIG. 

5) , the TS data read timing generating circuits 521 (FIG. 

6) corresponding to the individual storage areas may be 
used to generate a read timing for the TS stored in the 
memory 53 (FIG. 5) . Then, the clock regeneration (clock 
jitter correction) can be carried for each received TS . 
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Moreover, in the first to seventh embodiments, the 
average transmission rate of the received packet is 
determined by the number of the TS packets read from the 
memory 53 (FIG. 5). However, the application of the data 
receiving device (wireless receiving device) and the data 
receiving method of the present invention is not limited 
to the described one. For example, the average 
transmission rate may be calculated from the number of the 
packets when the TS in the received wireless packet is 
written into the memory 53 (FIG. 5). Also, the average 
transmission rate of the received packet may be directly 
obtained when the packet is received by the wireless LAN 
module 51 (FIG. 5) . 

Further, in the first to seventh embodiments, the 
MAC address or IP address is used to identify the sending 
device (wireless sending device) . However, the 
application of the data receiving device (wireless 
receiving device) and the data receiving method of the 
present invention is not limited to the described one. 
Other types of device-specific information can be used if 
there is one-to-one correspondence between the information 
and the sending device. 

Furthermore, in the first to seventh embodiments, 
when the initial value for clock jitter measurement is 
calculated, the measurement time is set to the period of 
one GOP (0.5 seconds) . However, the application of the 
data receiving device (wireless receiving device) and the 
data receiving method of the present invention is not 
limited to the described one. The measurement time is set 
to another value such as 1 second and 2 seconds . 

Moreover, in the first to seventh embodiments, the 
time counter 5213 (FIG. 8) in the TS data read timing 
generating circuit 521 (FIG. 6) corrects time at intervals 
of 100 ms . However, the application of the data receiving 
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device (wireless receiving device) and the data receiving 
method of the present invention is not limited to the 
described one. Another value such as 10 ms or 200 ms may 
be set, depending on the type of the oscillator used or 
the precision of the oscillating element used. 

Further, in the first to seventh embodiments, an 
MPEG2 TS is transmitted through a wireless network with 
jitter. However, the application of the data receiving 
device (wireless receiving device) and the data receiving 
method of the present invention is not limited to the 
described one. For example, a wide variety of 
applications include video data transmitted in a different 
compression method, MPEG2 PES (Packetized Elementary 
Stream) format, audio data such as telephone, digital 
audio data reproduced from a CD or the like, and other 
data that must be transmitted in real time, being 
transmitted through a network with jitter. 

Furthermore, in the first to seventh embodiments, a 
wired network conforms to the IEEE1394 standard, and a 
wireless network conforms to the IEEE 802.11a standard. 
However, the application of the data receiving device 
(wireless receiving device) and the data receiving method 
of the present invention is not limited to the described 
one. The data receiving device and the data receiving 
method of the present invention can be applied to other 
wireless networks such as an IEEE 802.11 network which 
does not have ensured network jitter (clock jitter) in 
data sending and receiving like the wireless network, an 
Ethernet network, a network using ultra wideband (UWB) 
communication, and a Bluetooth network. The data 
receiving device and the data receiving method of the 
present invention can be applied to wired networks using 
power line control (PLC) communication, RF-line 
communication, and the like. 
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Moreover, in the first to seventh embodiments, the 
wireless sending/receiving device forms a part of a wired 
network conforming to the IEEE1394 standard. However, the 
application of the data receiving device (wireless 
receiving device) and the data receiving method of the 
present invention is not limited to the described one. 
The network may be configured by a wireless 

sending/receiving device to which the TS is directly input 
or a wireless sending/receiving device which includes an 
MPEG2 encoder and receives an analog video signal or a 
digital video signal. 

Additionally, the present invention can also be 
applied to an audio-visual home network system using a 
network such as a wireless LAN with jitter, a video 
monitoring system for distributing a video stream, and the 
like . 
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